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Chandrayaan-1 mission, India’s first extraterrestrial ven- 
ture has considerably changed our perception about the 
geology of our nearest celestial neighbor - The Moon. 
Data from its various payloads are continuously pro- 
ducing exciting scientific results. Dr. Prakash Chauhan, 
Head, Planetary Science Division at SAC, Ahmedabad 
presents an exciting perspective article summing up some 
of the noteworthy lunar science contributions by Indian 
scientists from the analysis of Chandrayaan-1 data. 
Elaborating further, Dr. K.N. Kusuma of Pondicherry 
University provides a detailed account of silicic vol- 
canism on the Moon which has generated considerable 
interest among the lunar enthusiasts during recent times. 


During the inception stages of Chandrayaan-1 many new 
facilities were created to cater to the needs of the mis- 
sion. One such facility is state-of-the-art Indian Space 
Science Data centre (ISSDC) at Bangalore. The issue 
brings out a knowledge sharing article about Planetary 
Data processing & Data archiving by none other than 
Dr. B. Gopala Krishna of SAC, Ahmedabad who has 
played a key role in developing the data centre and lay- 
ing down norms for planetary data storage, processing 
and archival. To add to the flavors Dr. B. Sivaraman 
of PRL, Ahmedabad shares the concepts and thrill in 
carrying out Earth based experiments on Low Tem- 
perature Astrochemistry. Such studies are important 
for understanding the complex chemistry responsible 
for synthesis of molecules in the interstellar medium. 
These studies have been recently initiated at PRL. 


Close on the heels of the Moon, Target Next being 
planned by India is Mars. Very soon we will be hav- 
ing an Indian orbiter probing the surface and the at- 
mosphere of the red planet. A mission story has been 
provided detailing the configuration and science goals 
of this upcoming Indian venture. Regular items such 
as News Highlights, Flash News, Mission Updates & 
Announcement and Opportunities as usual update our 
readers regarding the latest happenings. A book review of 
“Chandrayaan-1 Mini-SAR data investigation” has been 
added to provide a new dimension to the issue. The back 
page describes the enigmatic Stonehenge monument, 
unraveling its history and the astronomical significance. 


Before signing off, on behalf of our editorial team, I 
bid farewell to our team member Dr. Amit Basu who 
gave his worthy contribution to PLANEX Newslet- 
ter. Our new team members Mr. V. Mani Teja & Ms. 
Jinia Sikdar are welcome to be a part of the team. 
I would also like to thank Ms. Santosh of Banasthali 
Vidhyapeeth, Rajasthan, for providing her valuable in- 
puts to the current issue of PLANEX Newsletter. 


Happy Reading 


sen 
Neeraj Srivastava 
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“_....It is always a pleasure to see PLANEX Newsletter 
with informative articles and brief reports on path break- 


Jayanta Pati 
University of Allahabad 
Allahabad 


“.....PLANEX news letter serves as an update for all 
activities currently being pursued across the globe in 
planetary research. I wish all the best to PLANEX team 
for their continuing sustained efforts for spreading aware- 
ness among young minds about Planetary Research in 
the country.....” 


K.Balaji 
Bharat Petro Resources Limited 
Mumbai 


“_.... Thank you for another informative PLANEX newslet- 
ter issue. It is a very good magazine giving a thorough 


Rakesh Mishra 
A.P.S. University 
Madhya Pradesh 


“_....1 thank the team for taking an initiative to publish 
such a knowledge sharing e-Newsletter. Provides a good 
deal of information on the recent developments, inno- 
vations and activities taking place in this field which 
otherwise becomes very difficult. This would greatly help 
attracting more young minds for further research in this 


Arko Roy 
Physical Research Laboratory 
Ahmedabad 


PLANEX Newsletter is full of knowledge, very en- 
couraging and informative. I specifically liked the mission 
story on JUNO and the article on “The Indian luni-solar 
calendar and the concept of adhik maas”. My hearty 


Prachi Mehrotra 
Banasthali University 
Rajasthan 
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Enceladus Nozzles are Controlled by Saturn’s 
Gravity 

One of the most intriguing icy Moon of Saturn, Enceladus 
has kept on surprising planetary scientists over the past few 
years. Not so back in the history, Enceladus was discovered 
to consist of four sub-parallel, linear depressions (Tiger 
Stripes) in the South-polar region; has been again figured 
out by NASA’s Cassini to undergo present-day geological 
activities in real time. Enceladus, as it travels around the 
Saturn in a slightly eccentric orbit, the daily variations in 
the tidal stresses from Saturn distorts Enceladus and heats 
up its interior. That heating causes the water vapor and ice 
to spray out of its south end in an inconsistent pattern; from 
those four parallel ‘tiger stripe’ fractures. In an attempt 
to understand this pattern, nearly 250 images captured by 
Cassini Visual and Infrared Mapping Spectrometer (VIMS) 
from 2005-2012 were analyzed that helped in establishing 
a relation between the sprays and orbit of Enceladus. It was 
revealed that as the Enceladus reaches the farthest point in its 
orbit from Saturn, the sprays were almost four times brighter 
than the intensity observed when the moon was at its closest 
approach. This behavior gave an idea that when the Moon is 
going further from Saturn, it is being stretched, and due to 
this tension, the tiger stripes open wider to spray out more 
water vapor and ice bits. It therefore helped to conclude that 
tidal tugs of Saturn control the spray from beneath Enceladus. 


Source: http://www.nature.com/nature/journal/v500/ 
n7461/full/nature12371.html 


Moon’s Magmatic Water Detected from Space 

The planetary scientists while explaining the surface charac- 
ter of the Earth’s Moon no longer use the term “Bone Dry”. 
This scientific advancement is due to the discovery of mag- 
matic water through laboratory approaches within the lunar 
volcanic glass beads and mineral apatite in Apollo samples. 
Despite several orbiter-based detections of water molecules at 
the higher latitudes of Moon, evidence of this sample-based 
indigenous magmatic water locked in mineral grains on the 
surface of the Moon has hardly been deciphered in the past 
from an orbiter. Recent spectroscopic investigations, using 
ISRO’s Chandrayaan-1 Moon Mineralogy Mapper (M?) 
data, carried out independently by Indian and American 
teams in Compton-Belkowich Volcanic Complex (CBVC) 
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and Bullialdus Crater regions respectively have revealed 
surprising results. CBVC, which is a Thorium anomaly 
region with presence of thick pyroclastic deposits on 
the far side of the Moon, exhibited strong doublet fea- 
tures near 2800 nm indicating presence of water and/ 
or hydroxyl. The hydration signatures were found to be 
either associated with the sunlit inner flanks of small- 
sized fresh craters or fresh escarpments associated with 
the central collapse structure. Moreover, a coordinated 
morphological and spectral analysis of CBVC region has 
further suggested that the enhanced hydration could be 
an outcome of episodic events of eruption and effusion 
involving silicic magma that probably tapped a zoned 
magma body with a water-rich cap. Over the central 
peak of Bullialdus Crater (~61 km) (centered at 20.7°S, 
337.8°E) in Mare Nubium, along the southern edge of 
the Procellarum KREEP Terrane (PKT), significantly 
stronger and sharper hydroxyl absorption signature were 
deciphered. Previously conducted investigation of this 
crater has suggested that the central peak bears strong 
spectral signatures typical of norite and anorthite, as well 
as this crater coincides with a localized concentration 
of thorium. In addition, some other morphological and 
mineralogical investigation of this crater has indicated 
that the Bullialdus impact excavated a layered mafic 
intrusion. From this opportunity to scrutinize Bullial- 
dus Crater using M? data, it has been revealed that the 
central peak of this crater exhibits significantly stronger 
and sharper hydroxyl absorption signature associated 
with pyroxene. The diagnostic spectral features indica- 
tive of hydration in CBVC region and the absorption 
of water/hydroxyl detected in the Bullialdus impact- 
forming region have thus demonstrated for the first time 
the detection of bound water molecules in the primary 
magmatic materials. These orbiter-based discoveries 
replicate and further strengthen the earlier finding of 
magmatic water through analytical approaches on the 
Apollo samples. Accordingly, these results laid down 
additional opportunities for further investigation of some 
of the intriguing geological facets of Moon that may 
help in making an improved understanding of the nature 
of Moon’s volatiles in the interior and on the surface. 
Sources: http://www.nature.com/ngeo/journal/v6/n9/ 
full/ngeo1909.html;http://www.currentscience.ac.in/ 
Volumes/105/05/0685.pdf 


Early Loss of Mars Atmosphere 

We all know that the current atmosphere of Mars is thin 
as compared to its state during first few billion years of 
the planet’s 4.6-billion-year history, but where the evi- 
dence for that loss is, and how much was the loss, were 
still a mystery at least upto the last few months. It is when 
Curiosity recently revealed the measured isotopic ratio 
of the gases in Martian atmosphere from her analysis of 
rock samples and atmosphere at Gale crater (its landing 
site on Mars), it was confirmed that Mars had lost major 
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portion of its atmosphere during the first billion year 
itself. One of the instruments suite onboard Curiosity, 
named Sample Analysis at Mars (SAM), measured 
the ratios of heavier to lighter isotopes of carbon and 
oxygen in the carbon dioxide that makes up most of 
the planet’s atmosphere. It was found that the heavier 
isotopes of carbon and oxygen were both enriched in 
today’s thin Martian atmosphere as compared with 
the proportions in the raw materials that formed Mars. 
The enrichment of heavier isotopes measured in the 
dominant carbon-dioxide gas points to a process of loss 
from the top of the atmosphere - favoring loss of lighter 
isotopes - rather than a process of the lower atmosphere 
interacting with the ground. This enrichment in heavier 
isotopes in the Martian atmosphere has previously been 
measured on Mars (Viking Lander) and in gas bubbles 
inside meteorites (viz. EETA 79001) from Mars. The 
measured value of 6'°C, 5D, and 6'O in ALH 84001 
carbonates initially showed enriched isotopic values 
of 68°C, 5D and low value for 6!8O, which was indica- 
tive of catastrophic loss of atmospheric mass during 
Mars’ initial history. This was found identical to the 
composition of the modern Martian atmosphere as 
measured by SAM’s quadrapole mass spectrometer 
as well as tunable laser spectrometer, suggesting that 
the 68C, 6D, and 5O of the Martian atmosphere were 
enhanced earlier and have not changed much over ~4 
billion years. This not only confirms the early loss of 
Martian atmosphere but also establishes that the mete- 
orites (SNC, ALH 84001, EETA 79001) that are claimed 
to be from Mars are definitely originated from there. 
Sources: http://www.sciencemag.org/ 
content/341/6143/260.abstract; http://www.science- 
daily.com/releases/2013/07/130718143020.htm; 
http://www.sciencemag.org/content/341/6143/263. 
abstract 


Findings of a New Class of Pyroclastic Deposit 
on the Moon 

The major focus on lunar minerals has been on the 
studies on pyroxene, plagioclase and olivine displaying 
prominent absorption bands in the wavelength region 
X ~ 0.8-2.3 um. Chandrayaan-1 Moon Mineralogy 
Mapper (M?) has also identified Mg-spinel showing a 
prominent 2-um absorption band. However, the vis- 
ible wavelength falling (0.6-0.7 um) features yet need 
to be studied more in detail. Based on the data from 
SELENE spectral profiler presence of Fe- and Cr- rich 
spinels have been identified, which on careful observa- 
tions appear to be different from previously detected 
Mg-rich spinels on the Dark Mantle Deposit (DMD) 
at Sinus Aestuum region on Moon. The study that was 
carried out using SELENE spectral profiler gave details 
of the locations showing an absorption band at visible 
wavelengths and a strong 2um band. No other Dark 
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Mantle Deposits (DMD) show presence of any kind of vis- 
ible feature, making Sinus Aestuum dark mantle deposit a 
unique one on the Moon. The mode of occurrence of spinels 
in Sinus Aestuum also seems to be largely different from 
that of the Mg- rich spinels, which are more closely asso- 
ciated with the impact structures. This type of occurrence 
and presence possibly suggests a different mode of spinel 
origin at Sinus Aestuum than that of the Mg- rich ones. 
Source:http://onlinelibrary.wiley.com/doi/10.1002/ 
grl.50784/abstract 


Mercury Resurfacing, 4.0-4.1 Gyr Ago 

Mercury, is the smallest and closest planet to the Sun, and 
one of the heavily cratered bodies like the Moon and Mars. 
But interestingly Mercury shows paucity of larger craters 
(50-100Km), which made the researchers to explore the 
cause for such crater scarcity. The main reason for the pau- 
city would be the absence of bigger bombardments or by 
volcanic resurfacing at a later stage. If so, then when such 
event happened is one of the unanswered problems that 
tagged around the Mercury resurfacing event. One of the 
recent studies conducted over the Northern Heavily Crater 
Terrain (NHCT) using the Messenger images helped in 
explaining this cause. From the existing models of the im- 
pact rate on the inner solar system the production function 
derived from the lunar crater is extrapolated to Mercury. 
However, to interpret ancient crater size-frequency distribu- 
tion on Mercury with respect to Moon, the factors such as 
impact velocities, gravitational focusing and other aspects 
that affect crater-scaling relationship are also supposed 
to be accounted. Moreover, from the current Moon- and 
Mercury-crossing asteroid population it was understood that 
the later one should have 3-3.5 fold craters than the former 
one. The derived age for the NHCT is 4.0-4.1 Gyr, and the 
age of extensive inter crater plain in this region dates back 
to 3.6-3.8 Gyr ago. The current research therefore concludes 
that with early volcanism and time agreement of LHB, 
they both may have enhanced the global resurfacing event. 


Mercury Heavily 
Cratered Terrains 


) & 


Global albedo mosaic Crater areal density 


Source:http://www.nature.com/nature/journal/v499/ 
n7456/full/nature12280.html 


A Glacial Substrate Model for Martian Double- 


Layered Ejecta Craters 
Ejecta, is one of the primary features associated with the 
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impact crater and plays a significant role in understanding 
the target surface stratum. Martian impact craters display 
an unusual ejecta characteristic i.e., layering of ejecta. The 
ejecta may have single-, double- or multiple- facies/layers 
and the source for this phenomenon is still debatable. The 
probable solutions offered till now from the researchers 
for such occurrences are i) surface rich in volatiles, ii) thin 
atmospheres, iii) combination of i and ii, and iv) subsur- 
face ice layer. Recent research on the layered ejecta craters 
tried to solve this puzzle however ended in adding a new 
hypothesis to their formation. The new hypothesis involved 
a model based study to state that an unusual double-layer 
ejecta (DLE) could be related to impact into a snow and ice 
glacial substrate. The reason behind this hypothesis comes 
from another earlier finding which revealed that the non 
polar regions have often been covered with decametres 
of snow and ice during the past. The earlier mid-latitude 
Martian surface may have such favourable conditions and 
regions to create such DLE craters. Around seven unusual 
characteristics of DLE craters like latitude dependence, 
paucity of secondary craters, etc, were utilised for testing 
the proposed glacial substrate model. In addition to this, the 
stability of ejecta was analysed using the angle of structurally 
uplifted rim crest. The governing result stemming out of this 
analysis determines that the ejecta of craters (Diameter ~25 
km) overlying a glacial substrate is unstable when rim uplift 
exceeds ~5.7 degree. Most of the DLE craters on Mars fall 
below this diameter range, which is in agreement with the 
model results. Further analysis on individual DLE crater and 
chronology of ice deposits may add improved implications 
to our understanding of layered ejecta formation on Mars. 


A double layer ejecta crater on Mars 


Source: http://onlinelibrary.wiley.com/doi/10.100 
2/gr1.50778/abstract 


Centaurs: Comets or Asteroids 

Recent observational studies from NASA’s Wide-field 
Infrared Survey Explorer (WISE) suggest that most of the 
centaurs, which are small celestial bodies that orbit the Sun 
between Jupiter and Neptune, are likely to be comets rather 
than asteroids. The investigation of data shows that most of 
the centaurs present a cometary origin suggesting their source 
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deeper out in the solar system. It evenly implied that such 
objects are possibly made out of similar material as that 
of a comet and also could have been an active body in 
the past and can once again be active in future. These 
findings were revealed after the largest infrared survey 
carried over for centaurs and scattered disk objects by 
NEOWISE, an asteroid searching portion of WISE mis- 
sion. It gathered 52 infrared images out of which 15 are 
accounted as entirely new discoveries. Infrared data from 
NEOWISE has provided broader information on the ob- 
ject’s reflectivity through which it will now be possible to 
estimate their population, which could not be done so far. 
This will be possible since NEOWISE can distinguish 
between different types of surfaces such as matte or shiny 
exhibiting different reflectance properties. In order to find 
out the type of the object, these results will be matched 
with the existing knowledge and information on the col- 
ors of the objects. Observations made from visible light 
have shown centaurs either to be blue-gray or reddish 
in color, which can be a sign of a comet or an asteroid. 
Data from NEOWISE has shown that most of these 
blue-gray objects have a dark, sooty coating on their 
icy surfaces, making them darker than most asteroids, 
which are normally reddish in color and exhibit a shinier 
appearance. Therefore, it is thought that two-thirds of the 
centaur population can be comets, but studies still need 
to be done on whether the remaining objects are aster- 
oids or comets. Future studies and data from NEOWISE 
may help reveal further information on their origin. 
Sources: http://www.nasa.gov/press/2013/july/nasas- 
wise-finds-mysterious-centaurs-may-be-comets/#. 
Ui2npT6KK8c; http://iopscience.iop.org/0004-637- 
X/773/1/22/ 


Hope Dims for Methane on Mars 

Curiosity had stepped on Aug. 6, 2012 into Gale crater 
on Mars with a hope to strengthen the evidence that the 
portion of methane previously detected in the Martian 
atmosphere had indeed came from some form of Mar- 
tian life. Curiosity uses its Tunable Laser Spectrometer 
(TLS) to suck Martian air into a measurement chamber, 
wherein the two infrared laser beams scan the sucked 
air and based on absorption characteristics of laser light, 
the composition of gas is determined. Curiosity has 
conducted six experiments by now in order to test for 
the presence of methane in the air sucked from Martian 
atmosphere and surprisingly has ended empty handed. 
Comparing to the previous reports of localized methane 
concentrations up to 45 parts per billion on Mars and 
sensitivity of TLS it has been calculated that the amount 
of methane in the Martian atmosphere today must not 
increase by 1.3 parts per billion. Although, it is believed 
that methane would not disappear from the Martian at- 
mosphere rapidly and would last for hundreds of years, 
the difference in measurements by Curiosity from those 


Back to Contents 


reported previously disappoints the efforts of researchers 
on their way to examine the possibility of life on Mars. 
Source: http://www.sciencedaily.com/ 
releases/2013/09/130922222800.htm; http://www. 
sciencemag.org/content/early/2013/09/18/sci- 
ence. 1242902. abstract 


Comet C/2012 S1 (ISON): Naked eye visibility 
in Dec. 2013! 

Comet C/2012 S1, was discovered by Vitali Vevski 
and Artyom Novichonok of the International Scientific 
Optical Network (ISON) in the course of an automated 
asteroid discovery survey with a 0.4m reflector on Sept. 
21, 2012. It was at 18.8 mag at the time of discovery. 


C/2012 S1 


Courtesy:Vitaly Nevsky and Artyom Novichonok 
ISON-Kislovedsk, Russia, 21 September 2012 


Very quickly it was found that the comet belonged to the 
sungrazing class of comets which approach very close 
to the Sun with a parabolic orbit from the Oort cloud. 
The comet will be at perihelion on Nov. 28, 2013 at a 
distance of only 0.012AU (less than 3 solar radii). It 
is expected to be a naked eye comet and many profes- 
sional observatories and almost all usable spacecraft are 
being mobilized to observe this comet. It is currently 
visible with small telescopes in the early morning hours 
in the Leo constellation near Mars. As it approaches 
perihelion the comet moves eastwards and rises with 
the Sun. If it survives the stresses at perihelion, it may 
exhibit a spectacular tail and be visible from both hemi- 
spheres in early Dec. 2013. Thereafter it is expected to 
move northwards and be well placed for observations 
for a large part of the night until Jan. 2014. Among the 
highlights of the orbit are the close approach to Mars 
(0.07AU) on Oct. 1, 2013 when the rovers on Mars 
are expected to try to observe the comet in prepara- 
tion for the closer rendezvous next year by Comet 
C/2013 A1(Siding Spring — see previous news item). 
Overall, it promises to be a very interesting end to an 
year when we have seen many relatively bright comets. 
Source / Further Reading: http://www.cometison- 

news.com/http://en.wikipedia.org/wiki/C/2012_S1 
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» NASA’s Hubble Space Telescope has discovered a new 


Neptune moon 
Link: http://www.nasa.gov/content/nasa-hubblefinds- 
new- neptune-moon/ 


Color and black-and-white images of Earth take 
by NASA’s Cassini and Messenger 

Link: http://www.jpl.nasa.gov/news/news. 
php?release=2013-229 


Debris flows on Alaska sand dunes and dark dune seep 
age flows on Mars appear similar 

Link: http://www.sciencedirect.com/science/article/pii/ 
$0019103513003072 


Fluffy disk around the young star RY Tau 
Link: http://iopscience.iop.org/0004-637X/772/2/145/ 


Brown dwarfs may be warmer than previously thought 
Link: http://www.sciencemag.org/content/ 
early/2013/09/04/science.1241917 


Long fingers of heat beneath Earth’s surface 
Link:http://www.sciencedaily.com/ 
releases/2013/09/130905142815.htm; http://www.sci 
encemag.org/content/early/2013/09/04/sci 
ence.1241514 


Gravitational variations over Earth are up to 40% 
larger than previously considered 
Link:http://onlinelibrary.wiley.com/doi/10.1002/ 
erl.50838/abstract 


Biggest single volcano on the Earth beneath pacifia 
ocean 
Link:http://www.sci-news.com/othersciences/geophys 
ics/science-tamu-massif-largest-volcano-pacific-01366. 
html 


Earth life likely came from Mars 
Link:http://www.space.com/22577-earth-life-from- 
mars-theory.html 


Mega-Canyon Discovered Beneath Greenland Ice 
Link: http://science.nasa.gov/science-news/science-at- 
nasa/2013/29aug_megacanyon/ 


Chemicals in the Martian soil make it difficult to 
search for life signatures 

Link: http://www.sciencedaily.com/releases/2013/09/ 
130926143246.htm 


Evidences for appreciable levels of atmospheric oxy- 
gen about 3 billion years ago 

Link: http://www.nature.com/nature/journal/v501/ 
n7468/full/nature12426.html 
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Lunar Science from Chandrayaan-1 Data: An 
Indian Perspective 


Introduction: 

During the last four decades, India has achieved a suc- 
cessful space based Earth Observation (EO) program, 
and has achieved noteworthy progress in design, de- 
velopment and operation of satellite systems for EO 
missions as well as in applications of remote sensing 
data for meteorology, natural resource mapping and 
disaster management (Navalgund et al. 2007). With 
the successful launch of Chandaryaan-1 on October 
22, 2008, country ushered into a new era of Planetary 
Exploration. The data provided by the instruments on- 
board Chandrayaan-1, have been extensively used to 
pursue questions related to lunar science and applica- 
tions of remote sensing data to understand early history 
of lunar evolution, and assessment of lunar resources. 
Chandrayaan-1 spacecraft carried eleven sophisticated 
instruments to investigate mineral distribution, surface 
morphology, elemental distribution and to character- 
ize radiation environment around the Moon (Bhandari, 
2005; Goswami and Annadurai, 2009; Goswami, 2010). 
A large number of lunar science studies initiated by In- 
dian researchers, in particular, morphology, surface age 
determination and composition of the lunar surface, have 
provided new insights into lunar evolutionary processes. 


Out of eleven instruments, three instruments, Hyperspec- 
tral Imager (HySI) by Indian Space Research Organiza- 
tion (ISRO), Moon Mineralogy Mapper (M?) by NASA/ 
JPL and SIR-2 by Max Planck Institute, Germany, have 
provided high spatial resolution data on lunar surface min- 
eral composition by measuring lunar surface reflectance 
in an extended range of 0.4 to 3.0 pm of electromagnetic 
spectrum (Kiran Kumar et al. 2009a). A high-resolution 
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Figure 1: Spectral units delineated within Mare Se- 
renitatis basin on the basis of Integrated Band 
Depth (IBD) of tim and 2m absorption feature. 
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camera called Terrain Mapping Camera (TMC) provided 
stereoscopic images of the lunar surface at 5m spatial resolu- 
tion for photogeological mapping and three dimensional vi- 
sualization of the lunar surface (Kiran Kumar et al. 2009b). 
The questions related to presence of ice in the polar region 
were addressed by Mini-SAR instrument. Results from Mini- 
SAR data indicated possible presence of ice and provided 
information on the spatial distribution of buried sub-surface 
ice on the Lunar poles (Spudis et al. 2009). This review at- 
tempts to provide a glimpse of achievements during 2008- 
2013 by Indian researchers in the broad area of lunar science. 


ry Daye wat 
Ma} Mare y " Ju hy Sa 
Figure 2a: Context image of Mare Nectaris showing lo- 
cation of Beaumont L and the surrounding large cra- 
ters Theophilus and Madler: 


The thermal and chemical evolution of planetary bodies has 
been the major guiding theme in planetary sciences and ex- 
ploration. To start with, many planetary sized bodies are hot 
and may have magma oceans on their surface. They cool in 
a number of ways, accompanied with density stratification 
through differentiation, internal convection, and volcanism. 
These processes affect the chemical evolution of planetary 
surfaces, as the composition and mineralogy of zones within 
the bodies evolve as thermal evolution progresses. Compo- 
sitional mapping of the lunar surface based on spectroscopy 
was carried out using reflectance spectra from HySI, Moon 
Mineralogy Mapper (M?) and SIR-2 spectrometers. The im- 
portant lunar minerals such as olivine, low Ca-pyroxene, high 
Ca-pyroxene and crystalline plagioclase could be identified 
using the hyperspectral data from all of the three instruments. 


Characterization of Mare Basalts: 

The spectral reflectance data were used to study the litho units 
of near and far side lunar mare basalt basins. Bhattacharya et 
al. (2011a) used HySI data to map various lithological units 
of the Mare Moscoviense on the far side of the Moon. Five 
major compositional units of highland soils, ancient mature 
mare, highland contaminated mare unit, buried lava flows 
with low Ca-pyroxene and young mare units were identified. 
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Figure 2b: Represents FCC image (R = IBD at 1pm, 
G = IBD at 2 pm and B = albedo at 1500 nm) show- 
ing olivine rich Beaumont L crater in pink to red tone. 


Y 
POR, S. 
a a, ' 
a Y 
7 oS. sine Y 
0.95 | © °& a ae 
. we % : 
| $ , *- 
8 0.9 | r, B *% B . 
2 @ J 
wu 
= 0.85 “34 ; 
0.8 | or cl Bc2 
Oc *c4 
0.75 tn rs tt 
500 1000 1500 2000 2500 3000 


Wavelength (nm) 
Figure 2c: Represents spectra collected from the marked 
Placesin Figure2b display strong absorptionaround lim. 


Mare Serenitatis basin situated on the near side of the Moon 
has been studied for its mineralogy (Kaur et al. 2013). De- 
tailed spectral analyses reveal uniformity in pyroxene com- 
position across the basaltic units of Mare Serenitatis. Fig. 1 
shows the spectral units delineated within Mare Serenitatis. 
This observation implies a stable basaltic source region filling 
the basin and has not experienced large-scale fractionation. 


Dark halo craters on Moon excavate the cryptomare layer 
(hidden ancient mare units) and thus provide an opportu- 
nity to study the sub-surface composition. One such study 
of dark halo craters has been done for Mare Nectaris basin 
on the near side of the Moon. Chauhan et al. (2011a) used 
high spatial and spectral resolution data from TMC and M? 
and concluded that the Crater Beaumont-L (~5km diameter) 
situated on the western edge of Mare Nectaris is an exo- 
genic impact crater and has excavated the olivine rich mare 
basalt from beneath the ejecta blanket emplaced by nearby 
large craters like Theophillus and Madler (Fig. 2 (a, b & c)). 
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Composition of Central peaks of Large Lunar Cra- 
ters and Discovery of New Lunar Minerals: 

Central peaks of the large complex craters on the Moon 
are considered as important science targets. The peaks 
of these complex craters contain deep seated crustal ma- 
terial formed as a result of elastic rebound of the up- 
per crustal material. Tycho (~110 Ma old) is a young 
impact crater having well developed central peak with 
an altitude of ~2 km situated in the southern nearside 
highlands of the Moon. This crater was studied in detail 
using TMC, HySI and M? data. New aspects about its 
morphology and composition were reported by Chauhan 
et al. (2011b, 2012). Their analysis of high resolution 
remote sensing data provided clear morphological evi- 
dences of volcanic vents, lava ponds and channels of lava 
showing distinct cooling cracks and viscous flow fronts 
on the central peak of Tycho crater. Compositionally, 
M? data suggest that high-Ca pyroxene rich rocks with 
sparse distribution of olivine dominate the lava ponds 
and channels on the summit of the central peak. Simi- 
lar results on the composition of this central peak have 
also been reported using the combined analysis of HySI 
and SMART-1 SIR data (Bhattacharya et al. 2011b). 
On the Moon, spinels range between spinel (MgAl.O.,), 
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Figure 3a: Crater Endymion imaged from M° with the 
location of Mg-Spinel rich lithology and OOS rich areas 
marked. (b) FCC prepared using IBD-1j1um as red chan- 
nel, IBD-2umasgreenand 1. 58malbedoasbluechannel. 
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hercynite (FeAl,O,), Chromite (FeCr,O,) and ulvéspinel 
(Fe(FeTi),O,). On lunar surface, Mg-Spinel (MgA1.0,) 
was discovered first time remotely at the central peak of 
Crater Theophilus using spectral reflectance data from 
M? (Lal et al. 2011, 2012a). These newly identified Mg- 
Spinel rich rock types have been defined by their strong 
2-j1m absorption and the absence of 1-j1m absorption in 
spectral reflectance curve. The exposures of this min- 
eral i.e. spinel along with other lunar minerals i.e. oliv- 
ine and plagioclase has also been reported from young 
lunar complex crater, Tycho (Kaur et al. 2012). Spinel 
has been reported for the first time using Chandrayaan-| 
data from a highly silicic evolved dome namely Han- 
steen Alpha, and from the anorthositic hills surrounding 
Mare Ingenii basin (Kaur et al. 2013). This new finding 
of spinel exposures from two different geologic terrains 
has lead lunar scientists to work out new theories ex- 
plaining the formation of spinel in these unique geologic 
settings. Pink-Mg spinels occur in Troctolites formed af- 
ter the initial ferroan anorthositic (FAN) crust as a minor 
phase. Mg-Spinels which would sink during crystalliza- 
tion due to their higher density can later on, be a part of 
the highland intrusive formed by the deep serial magma- 
tism within the anorthositic crust with upward intrusion. 


A unique assemblage of OOS (orthopyroxene-olivine- 
spinel) lithology has been reported from the southern 
rim of crater Endymion (Bhattacharya et al. 2012). This 
crater is of 25km, situated on the northeast limb of the 
Moon and has been analyzed using M? data (Fig. 3 (a & 
b)). The presence of OOS lithology suggests excavation 
of crustal lithology due to large basin formation event. 


Gullies and Landslides on Moon: 

Gullies and landslides provide important information 
about the water drainage and movement of material in 
the past. However, in case of Moon where liquid water is 
not stable, these features were explained by avalanches 
of dry granular material. Kumar et al. (2013) has present- 
ed some of these features imaged from Terrain Mapping 
Camera (TMC) from Chandrayaan-1 and Narrow Angle 
Camera (NAC) and Lunar Reconnaissance Orbiter Cam- 
era (LROC) on LRO. Based on the spectral information 
derived using HySI and M?, composition, extent of space 
weathering and presence of immature material exposed 
on the surface were studied. This new study on gullies 
and landslides concludes that role of water in their for- 
mation is insignificant unlike the processes occurring 
on Earth and Mars. These features are not the direct re- 
sults of small impacts. However, vibrations from nearby 
large impacts can trigger large scale mass-wasting on the 
steep slopes of crater interior, giving rise to landslides. 


Water on Moon: 

Presence of water on Moon is still dubious after 50 years 
of study of lunar surface. Analysis of Apollo samples 
suggested dry or completely anhydrous nature of the 
Moon. With the advancement in the instrumental tech- 
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nology, detection of water from lunar volcanic glasses pro- 
vided clues that Moon is not as dry as thought previously. Re- 
cent detection of OH/H,O absorption features on the Moon 
based on remote measurements supports the hydrous nature 
of the Moon. Bhattacharya et al. (2013) recently reported 
endogenic magmatic water from Compton—Belkovich Tho- 
rium Anomaly (CBTA) region, a volcanic construct on the 
far side of the Moon (Fig. 4 (a & b)). The water detected is 
associated with non-mare silicic volcanism based on Chan- 
drayaan-1 Moon Mineralogy Mapper (M7?) observations. 


Lunar Morphology Studies: 

TMC data was also used to study the morphological features 
such as lava tubes, sinuous rilles, volcanic domes etc. Cra- 
ter counting technique is being widely used for possible de- 
termination of relative age determination of lunar and other 
planetary surfaces. TMC images were used in this respect 
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Figure 4: (a) M’ FCC of CBTA with black arrow indi- 
cating orange pixels that correspond to unusual spectra 
(b) Normal and continuum-removed reflectance spectra 
of orange pixels in (a) showing weak absorption features 
near ~ 890, 1089 and 1898 nm in association with a strong 
OHW/H,O feature at 2800 nm. Black dashed lines repre- 
sent approximate locations of the absorption feature. 
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for relative dating crater of some regions of lunar surface 
by employing Crater-Size-Frequency-Distribution (CSFD) 
technique. This method was evaluated over regions of 
Apollo Landing sites 14, 15 and 17 and extended to part of 
Oceanus Procellarum and other regions of the Moon (Arya 
et al. 2012). The technique was successfully validated by ap- 
plying it to Apollo 14 and 17 landing sites, and the age ob- 
tained through CSFD technique matched with that obtained 
from radiometric dating of the returned samples as well as 
with the earlier reported results. This technique was further 
extended to south of the Apollo 14 landing site, Imbrium 
basin, Nubium basin and east of the Copernicus crater. The 
corresponding ages obtained using this technique were 3.77 
Ga, 3.43 Ga, 3.02 Ga, 895 Ma respectively, which are in 
good agreement with the earlier reported ages. Derived 
age of 895 Ma suggest a young activity on lunar surface. 


Lunar Lava Tubes and Sinous Rilles: 

Lunar surface is known to have presence of sinuous 
rilles, which are probably collapsed, lave tubes. A Lu- 
nar volcanic tube around ~4 km long in the Oceanus Pro- 
cellarum region of the Moon was identified using TMC 
images and digital elevation data as a potential site of fu- 
ture human settlement on the Moon (Arya et al. 2011). 


Lunar Domes and Silicic Volcanism: 

Recent studies using the Diviner data onboard Lunar Recon- 
naissance Orbiter (LRO) mission, in thermal infrared region 
of electromagnetic spectrum have shown various regions on 
the lunar surface (previously described as “red spots”) ex- 
hibiting spectral features in the mid-infrared that are best ex- 
plained by quartz, silica-rich glass, or alkali feldspar. These 
lithologies are consistent with evolved rocks similar to lu- 
nar granites in the Apollo samples. The spectral character of 
these spots is distinct from surrounding mare and highlands 
material. Kusuma et al. (2012) have used spectral informa- 
tion from the M? and DIVINER Lunar Radiometer onboard 
LRO for geochemical and mineralogical characterization of 
the Gruithuisen region on the Moon along with morphomet- 
ric information. Based on these data analysis, they have de- 
lineated silica saturated lithology from silica under-saturated 
rocks, their spatial spread and non-mare nature of the Gru- 
ithuisen domes. Studies have also been done to understand the 
lunar non-mare volcanism around domes. Few such domes 
were identified in the Mare Procellarum region of the Moon. 


Lunar Topography: 

Terrain Mapping Camera (TMC) was a stereoscopic camera 
that had provided 3D maps of the Moon. A scheme was de- 
veloped using the photogrammetric technique to generate the 
three dimensional information on the Moon’s surface (Gopa- 
la Krishna et al. 2009). Using this methodology, entire data 
collected by TMC have been processed and a three dimen- 
sional atlas of the lunar surface has been generated. Lunar 
Laser Ranging Instrument (LLRIJ) used infrared laser pulses 
to provide altimetry data that accurately map the topography 
of the Moon (Kamalakar et al. 2009). In addition to the data 
acquired by previously flown lunar altimeters, the LLRI has 
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obtained topographic data close to the lunar Polar Re- 
gions. High resolution LLRI topography data have been 
used for preparation of topographic maps over major lunar 
basins. Besides, these data could also be used for terrain 
correction for computation of Bouguer gravity anoma- 
lies, which can be further used for gravity inversion mod- 
elling of lunar crustal thickness over major lunar basins. 


Exploration of Ice in Lunar Poles: 

Mini-SAR data from Chandrayaan-1 were analyzed ex- 
tensively to study the signatures of ice deposits in Polar 
Regions. The Polar Regions of the Moon contain perma- 
nently shadowed craters, which are potential source of 
surface or sub-surface ice. Some of the studied craters 
like Peary (North Pole) and Amundsen (South pole) have 
anomalous scattering properties as they have elevated 
Circular Polarization Ratio (CPR) values within their in- 
teriors, characteristic of ice deposits, but not exterior to 
their rims (Shiv Mohan et al. 2011). However, elevated 
CPR values were found inside and outside the equato- 
rial crater i.e. Kopff crater. The high CPR values were 
suggestive of rough surface scattering mechanism and 
attributed to scattering from very rough surfaces, such as 
a rough, blocky lava-flow. Similar scattering conditions 
in few of the craters in the Polar Regions where elevat- 
ed CPR was found both inside and outside the craters. 


Lunar Elemental Chemistry Studies: 

The Chandrayaan-1 X-ray Spectrometer (C1 XS) flown 
on-board Chandrayaan-1 was used to measure X-ray 
fluorescence spectra to derive the elemental chemis- 
try of the lunar surface. During its operational period 
of ~9 months, solar flares were not powerful enough 
to stimulate detectable surface fluorescence. Hence, 
C1XS measurements were not sufficient to produce a 
global map because of little solar activity during this 
unusually prolonged solar minimum. The accompany- 
ing X-ray Solar Monitor (XSM) provided simultaneous 
spectra of solar X-rays incident on the Moon which are 
essential to derive elemental chemistry. Surface abun- 
dances of Mg, Al, Si, Ca and Fe derived from C1XS 
data for a highland region on the southern nearside of 
the Moon was measured by Narendranath et al. (2011). 
Plagioclase feldspar with lower amounts of mafic miner- 
als represents the major mineralogy of lunar highlands. 
C1XS derived Mg and Fe content are slightly higher 
due to additional mafic content redistributed by im- 
pacts. The main deviation is in the C1XS derived Ca/ 
Al ratio. Many possible reasons of this deviation have 
been explained in the study. In another study Lal et al. 
(2012b) have also developed algorithms to quantify Iron 
(FeO) and Titanium (TiO,) abundance in lunar rocks us- 
ing the reflectance ratios of Chandrayaan-1 HySI data. 


Detection of Lunar Mini Magnetosphere: 

Moon does not have a global magnetic field of its own. 
However, lunar surface has patches of localized low 
magnetic field known as ‘magnetic anomalies’ having 
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strength of a few tens of nano-tesla with spatial cov- 
erage ranging from few km to few hundred kms. The 
Sub-keV Atom Reflecting Analyzer (SARA) instru- 
ment discovered a mini-magnetosphere above magnetic 
anomaly regions by means of backscattered Energetic 
Neutral Atoms (ENA) (Wieser et al. 2010; Bhardwaj 
et al. 2005). The ENA flux above the anomaly region 
showed a decrease compared to the regions which are 
not affected by the anomaly (undisturbed regions), thus 
confirming existence of a magnetosphere. Some of 
these localized magnetic fields on the Moon also show 
relatively high albedo and are known as Lunar Swirls. 


Future Perspective for Lunar Geosciences: 

As described in previous sections a large amount of 
scientific work using various instruments from Chan- 
drayaan-1 data have resulted in an improved understand- 
ing of our closest celestial neighbor. The next lunar mis- 
sion of India, Chandrayaan-2, is planned to be launched 
during the year 2014-15 to provide more details of lunar 
surface using improved sensors (Goswami & Annadurai, 
2011). The satellite will be carrying an orbiter, a lander 
and a rover. Payloads for the orbiter include Imaging IR 
Spectrometer (IIRS) for the mineralogical mapping over 
a wide wavelength range (0.8-5.0 pm) along with the 
study of absorption bands of water molecules or hydrox- 
yl ions present in the lunar regolith. A repeat of TMC 
instrument is also planned. Analysis of IIRS and TMC-2 
data will be carried out for better understanding of lunar 
crustal evolution of major basins and Polar Regions. The 
polar regions of the Moon are now known to have hy- 
droxyl (OH) and water (H,O) molecules as discovered 
by Chandrayaan-1 M? data. Using the spectral region of 
2 to 5um Chandrayan-2, IIRS spectrometer will be able 
to confirm these findings and will map these features at 
much higher spatial resolution. The modified TMC data 
from Chandrayaan-2 will provide complete coverage of 
Moon’s surface along with 3D information which could 
not be completed by Chandrayaan-1. The proposed dual 
frequency SAR onboard Chandrayaan-2 will be a conti- 
nuity of the S-band Mini-SAR of Chandrayaan-1 and will 
help in finding subsurface ice deposits on the lunar poles. 
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Silicic Volcanism on the Moon 


Introduction: 

Basaltic volcanism is very conspicuous on the lunar near 
side with dark mare basalts appearing as striking features. 
It is understood that the low viscous basaltic magma origi- 
nated by partial melting of the lunar mantle and it flooded 
the deep impact basins through the planes of weakness cre- 
ated by the impacts (Head, 1976). The crater count dating 
as well as the absolute isotopic age determination of the 
basalt samples returned from the Moon by various Apollo 
and Luna mission have shown that the basaltic volcanism on 
Moon spans a time period from ~ 3.8 Ga — 1 Ga (Schultz and 
Spudis 1983; Hiesinger et al. 2003) with the peak volcanic 
activity occurring between 3.8 - 3.1 Ga (Shearer and Papike 
1999). However, basaltic magmatism older than 3.8 Ga 
would also have occurred on the Moon, since a basalt frag- 
ment from Apollo 14 site, was dated to be 4.3 Ga + 0.1 (Tay- 
lor et al. 1983; Dasch et al. 1987; Shih and Nyquist, 1989). 


In contrast to the basaltic volcanism, existence of any other 
form of volcanism on the Moon has been highly debated. 
Prior to the Apollo missions, a few highland features such as 
regionally flat upland plains, highland domes and mounds, 
linear ridges, and elongate crater chains, were believed to 
have formed by highland volcanism (Head, 1976). High- 
land volcanism gains significance while reconstructing the 
geologic evolution of the Moon. The term “highland vol- 
canism” or “non-mare volcanism” includes the magma 
that are more evolved than the basaltic magma, having 
higher alumina and silica content and lesser iron content. 


Non-mare volcanism on the Moon was established by the 
analysis of the lunar samples returned by Apollo and Luna 
missions. Analysis of breccia samples indicated that a few 
clasts of breccia were compositionally different from the 
mare basalts and ferroan anorthosite; they were composed 
of more evolved minerals such as quartz and alkali feldspar. 
Such fragments were mainly found in Apollo 12, 14, and 
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Figure 1: Locations of the lunar red spots on the near 
side of the Moon. 1.Mairan dome; 2. Gruithuisen domes; 
3. Aristrachus crater; 4. Mons LaHire; 5. Apennine 
Bench; 6.Lassell Massif; 7.Bullialdus crater; 8. Helmet, 
Montes Riphaeus, Darney, Chi & Tau; 9.Hansteen Alpha. 
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Figure 2: A high resolution photograph (WAC frame 
M117752970) showing three Gruithuisen domes (Lat: 
36.59°N, Long: 40.72°W) and the surrounding terrain 
Image width is 64 km and illumination is from the 
left. (Source: NASA/GSFC/Arizona State University 


15 samples (Korotev, 1998; Warren, 1983, 1993; Ryder, 
1976; Ryder and Martinez, 1991). These evolved rock 
fragments have lower iron concentrations, but have en- 
hanced silica content. They exhibit compositions similar 
to granite or rhyolite (felsite), alkali norite/alkali gab- 
bro (monzogabbro) or its fine grained equivalent mon- 
zodiorite and alkali anorthosite. These rock fragments 
were found to be remarkably enriched in Potassium 
(K), Rare Earth Element (REE) and Phosphorous (P), 
therefore are named as KREEP materials. The highest 
Th concentration (61 ppm) on the Moon was measured 
in a rock fragment from Apollo 12 regolith of pristine 
granitic composition (Warren, et al. 1983, Warren 1993). 


In general, Th concentration in lunar granites ranges from 
40-60 ppm (Seddio et al. 2010). Monzogabbro has lower 
concentration than granites (10-40 ppm) (Jolliff, 1991). 
Alkali anorthosites typically have much lower Th con- 
centrations than granites and monzogabbro. Hence, the 
locations with elevated Th concentration can be correlat- 
ed with locales of silicic volcanism. Though the Apollo 
samples provided clues to the non-basaltic volcanism on 
the Moon, the exact source region of these clasts could 
not be ascertained since they could have been transported 
from long distances on the Moon surface as impact ejecta. 


The above observations raised several questions such 
as: 1) How are the non-mare volcanic materials dis- 
tributed on the Moon? 2) What are the source re- 
gions and what is the mode of their emplacement? 3) 
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Figure 3: LP-GRS derived Thorium concentration map of lunar surface. Note the enhanced 
thortum is observed on the lunar near side (Procellarum Kreep Terrain is marked by sol- 
id line). Far side contains a few, small thorium rich area. C-B represents Compton-Belk- 
ovich anomaly. Locations of the Apollo landing sites are marked (modified after Nash, 2011). 


What are the ages of these materials? and whether 
such volcanism is restricted to the lunar nearside? 


Lunar Red Spots: Possible Non-Mare Material? 

The conclusive evidences about the probable locales of 
the silicic volcanism and their distribution came from 
various forms of remote sensing observations of the lunar 
surface. Whitaker (1972) observed spectrally anomalous 
spots on the lunar nearside while preparing UV-IR color 
difference photographs. These spots are characterized by 
relatively high albedo and strong absorption in the ultra- 
violet due to which they appear as bright red spots on the 
photographs and hence termed as “Lunar Red Spots”. He 
observed that these spots are compositionally different 
from the surrounding mare basalt as well as the high- 
land crust. Malin (1974) and Head and McCord (1978) 
studied the spectral and morphological characteristics of 
these red spots in detail and suggested that KREEP — rich 
regions were the probable locales of the non-mare vol- 
canic material. The lunar prospector derived Th concen- 
tration for these sites have been found to be comparable 
with the measured Th in a few Apollo returned samples. 


The lunar red spots are mainly confined to the near-side 
of the Moon, perched on the highland side of the mare- 
highland boundary encircling the basalts of the Oceanus 
Procellarum and Imbrium basins (Fig. 1). The red spots 
have varying geometry ranging from domes, highland 
smooth plains, benches, ridges and central peaks of craters. 
Study of the red-spots on the Moon has revealed that at 
least a few of them are positive relief features exhibiting 


steep side slopes. Gruithuisen dome (Fig. 2), Mairan dome and 
Hansteen — Alpha are classic examples of such geomorphic 
features. The height and the slopes of these domes situated 
at the edges of mare basalt — highland boundary are distinct 
from the domes that are found in the basaltic region. The side 
slopes of the domes observed in the basaltic region seldom 
exceeds 7° whereas the non-mare domes have much higher 
slope angles. Similarly, the mare domes (e.g., observed at 
Dopplmayer region) reaches a maximum elevation of ~ 300 
m but the non mare domes are considerably higher (> ~1000 
m). By analogy to the Earth, it is believed that these features 
resemble volcanic domes formed by the extrusion of rhyolitic 
or andesitic magma that have higher viscosity than basaltic 
magma (Head and McCord, 1978; Wilson and Head, 2003). 


Further support for the above observation came from the 
results of Lunar Prospector (LP) mission (1998-1999). The 
Gamma ray spectrometer onboard LP mission mapped the 
concentration of major oxides and elements (Th, K) at a high 
spatial resolution. The global Th map of the Moon high- 
lighted the preferential enrichment of Th on the near side, 
mainly confined to the Oceanus Procellarum and Imbrium 
basin region, with a few exceptions on the lunar far side 
(e.g., South Pole Atkin basin; Compton-Belkovich). The 
Th- enriched region on the near-side of the Moon is termed 
as Procellarum KREEP Terrain (PKT) (Fig. 3). The lunar 
red spots fall within PKT. Haggerty et al (2006) showed 
that the lunar red spots have very high Th concentration 
which matches with the Th measured in the lunar granite/ 
felsites, thus proving the silicic volcanism on the moon. 
Analysis of UVVIS images of Clementine mission and 
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circle outlines the high albedo feature, which is also a Th anomaly. The morphological, elemen- 
tal and spectral studies by Jolliff et al (2011) suggested silicic volcanic activity in the region. 


Moon Mineralogical Mapper (M?) have shown that the Gru- 
ithuisen dome, Mairan domes and Hansteen Alpha exhibit 
high reflectance in IR region and strong absorption in UV/ 
Blue region. Elemental map prepared using these data sug- 
gested that these regions were also characterized by low Fe 
and Ti concentrations (Chervel et al. 1999). However, re- 
cent results from the Lunar Reconnaissance Orbiter (LRO) 
mission have provided unparalleled evidence of the non- 
mare volcanism on the Moon. Diviner Lunar Radiometer 
Experiment onboard NASA’s Lunar Reconnaissance Or- 
biter (LRO) measures the emission of the lunar surface in 
three thermal bands centered around 7.8, 8.2 and 8.6 um, 
which are sensitive to the change in silicate mineralogy. 


The global distribution of silicic rocks on the lunar sur- 
face was mapped by Greenhagen et al (2010). The analy- 
sis of the DIVINER mineralogical channels corresponding 
to the red spots such as Gruithuisen domes, Hansteen Al- 
pha, and Aristrachus crater proved the presence of highly 
evolved rocks such as quartz-monzodiorite or granite. The 
various minerals identified at these spots include quartz, 
silica-rich glass and alkali feldspar. Silicic nature of the Gru- 
ithuisen domes was also reported by Kusuma et al. (2012). 
Further, analysis of DIVINER data has also proved that 
the Mairan dome occurring close to the Gruithuisen domes 
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is composed of evolved material (Glotch et al. 2012). 
Age determination of non mare domes on the near side 
by crater chronology method has suggested that these 
objects pre-date the mare flows but postdate the sur- 
rounding rugged highland surface with age ranging from 
3.85 — 3.65 Ga (Wagner et al. 2010, Wagner et al. 2002). 


Various studies have shown that the silicic volcanic rocks 
on the Moon occurs as extrusive rocks as well as intru- 
sive plutons. The domical features such as Gruithuisen 
domes represent the volcanic constructs formed by the 
extrusive activity. The extrusive volcanism, occur when 
evolved melt extrudes along fractures created by the high 
- velocity impact cratering. Since many of these domes 
occur on the rings of the multiring basins, it is opined 
that such evolved volcanic material must have covered 
a larger area than what is observed today; the volcanic 
flows in low-lying areas might have been later covered 
by the younger basaltic flows (Chevrel et al. 1999). 


The evolved rocks on the central peaks of the crater and 
ejecta blankets (Aristrachus Crater, Bullialdus crater) 
suggest that some of the evolved magma may not have 
reached the crust but consolidated deep underneath form- 
ingintrusive plutons (Glotchetal. 2010; Klimaetal. 2013). 
Impact cratering might have later exposed the plutons. 
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Evolved Rocks on the Lunar Far Side? 

The above findings provided evidences for the existence 
of silicic rocks on the lunar nearside. Do such rocks occur 
on the lunar farside? The latest finding suggests a posi- 
tive affirmation that compositionally evolved, non-mare 
volcanic activity also occurred on the farside (Jolliff et al. 
2011). Using high-resolution images obtained by NAC 
camera (onboard LRO), DIVINER data and LPGRS Tho- 
rium data, they conclusively proved that a highly reflec- 
tive region in the Compton- Belkovich area represents 
non-mare volcanism (Fig. 4). The Compton—Belkovich 
high albedo region also coincides with a Th hot spot, 
centered at 61.1°N, 99.5°E. This area is about 900 kilo- 
meters away from the PKT. It covers an areal extent of 
26 km x 32 km and is topographically-elevated. The area 
shows some steep-sided domes, which resembles volca- 
nic cones. The DIVINER data suggest that these cones 
are made up of anomalously silica-rich rocks indicating 
extensive magmatic fractionation. Jolliff et al. (2011) 
suggests that KREEP-rich melts may have risen from the 
base of the crust and following fractional crystallization 
differentiated into the silicic material enriched in thorium. 


The study has also revealed that this could be the young- 
est volcanic feature on the Moon. Earlier, it was un- 
derstood that the youngest extrusive activity on the 
Moon occurred ~1 Ga near the Licthenberg crater in- 
side Oceanus Procellarum basin on the lunar nearside 
(Hiesinger et al. 2003). The volcanic cones in Compton- 
Belkovich have very few crater scars therefore may rep- 
resent a relatively recent event that took place ~ 800 Ma. 


Mode of Formation of Silicic Magma: 

The mechanism for the formation of silicic magma is not 
yet understood. Two potential mechanisms that can pro- 
duce the evolved, non-mare lithologies on the Moon are 
silicate liquid immiscibility (Jolliff et al. 1999) and basal- 
tic magmatic underplating (Hagerty et al. 2006). The sil- 
icate liquid immiscibility (SLD involves a near-complete 
fractional crystallization of a basaltic magma before the 
residual melt splits into two immiscible melts, one de- 
pleted in SiO, but enriched in FeO, and the other rich in 
SiO, and alkalis. Since residual melts resulting from SLI 
is small, this process cannot explain large quantity of liq- 
uid responsible for construction of dome-like features. 


Hagerty et al. (2006) propose that the magmatic under- 
plating mechanism can better explain the formation of 
domical features (e.g. Hansteen Alpha, the Gruithuisen 
domes, and the Lassell massiff). In magmatic under- 
plating process, a hot basaltic magma intrudes into the 
lower lunar crust, which melts the anorthositic crust 
and generates silicic magma which is enough to pro- 
duce rhyolite plumes that extrude to the lunar surface. 


Silicic Volcanism and Endogenic Water: 
The latest finding about silicic volcanism on the Moon is 
its association with endogenic water. Earlier studies have 
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attributed water on the lunar surface mainly to the exogenic 
sources such as comets; solar wind interaction with lunar soil 
etc. (Pieters et al. 2009; Clark, 2009). Bhattacharya et al. 
(2013) and Klima et al. (2013) have reported remote sensing 
signatures of endogenic water on the Moon. Bhattacharya et 
al. (2013) studied the Compton-Belkovich volcanic terrain 
by integrating data from various missions (Chandrayaan-1 
Moon Mineralogy Mapper, Mini-RF Synthetic Aperture Ra- 
dar and LRO—Narrow Angle Camera images). The study re- 
vealed that certain sites within the C-B volcanic complex show 
extensive hydration. The locations such as sunlit inner flanks 
of small-sized fresh craters or fresh escarpments associated 
with the central collapse structure exhibit strong water and/ 
or hydroxyl absorption feature (2800 nm) in the M? spectra. 


The Mini-RF and LRO-NAC data suggests the presence of a 
thick pyroclastic deposit in the region. Since the amount of 
water formed by the exogenic process is small, high concen- 
tration of water/hydroxyl absorption feature observed in the 
region cannot be attributed to the process. The authors suggest 
that the hydrated region of the volcanic construct may repre- 
sent tapped magmatic water associated with the silicic vol- 
canism. Similar observations were also made by Klima et al. 
(2013). Their study on the Bullialdus crater suggests that the 
central peak of the crater is composed of a KREEP rich ma- 
terial. The peak exhibits strong water/hydroxyl absorption in 
M? data and such higher concentration of water can be better 
explained by the presence of endogenic water that is associ- 
ated with intrusive magmatic material. The above two inde- 
pendent studies suggest that endogenic water would be ob- 
served in silicic rocks of both extrusive and intrusive nature. 


Summary: 

The recent advances in the lunar exploration have proven geo- 
chemically evolved silicic volcanism on the lunar surface. 
Such volcanic activities are mostly confined to the nearside 
of the Moon; however, recent findings from the Compton- 
Belkovich region suggest that they also occurred on the far 
side. The silicic volcanism reported from the farside of the 
Moon may also represent the youngest volcanic activity on 
the Moon. It has also been observed that such locations show 
higher water content and therefore they may represent endo- 
genic water on the Moon. The above findings provide newer 
insights to the lunar magmatic processes that require further 
explanations and compel researchers to re-examine ideas 
about the thermal history and volcanic activity on the Moon. 
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Astrochemistry on Icy Mantles 


The complex chemistry that pervades planetary and 
lunar bodies both in our solar system and in exo-plan- 
etary systems is responsible for the synthesis of mol- 
ecules in the interstellar medium is now known to be 
largely heterogeneous chemistry driven by ion, pho- 
ton and electron collisions with molecular ices. Such 
processes can now be simulated in laboratory experi- 
ments, providing the opportunity to explore such ex- 
traterrestrial chemistry here on Earth and so test hy- 
potheses on the mechanisms for such chemistry arising 
from the growing observational database derived from 
recent astronomical studies and planetary missions. 


Charged particle effects on astrophysical 
objects must be considered if we need to 
develop an understanding of the phenom- 
enon in many regions of space. 
—Lanzerotti and Johnson 


Figure 1: A typical ISM dust grain with icy mantle 
processed by energetic particles that triggers molecu- 
lar dissociation and formation. From the centre; dust 
grain (in dark brown colour) and layers of molecular 
Ices processedbyenergeticions, photonsandelectrons. 


Interstellar Medium: 

The interstellar medium, commonly denoted as ISM, is 
a very active place for molecular synthesis and for the 
birth of new stars. There are many regions of the ISM 
in which temperatures range from 106K to 10 K. Two 
types of interstellar clouds are defined according to their 
physical properties and the chemical constitution, ‘dif- 
fuse’ and ‘dense’ molecular clouds (Table 1). These are 
called extreme conditions with reference to Earth’s aver- 
age surface temperature (288 K) and pressure (1 atm). 
Diffuse clouds have low density and high temperatures, 
whereas dense molecular clouds have higher density and 
are the coldest (10 K) region of the ISM. In the ISM, in- 
terstellar dust particles provide the surface for molecules 
to stick on and accumulate to form icy mantles (Fig. 1). 
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Table 1: Typical characteristics of cool interstellar nebulae (Adapted from Hudson, 2006) 


Type of nebula Number density (cm%) Temperature (K) 
Ea 


0050 


5000 


Interstellar dust particles are identified to be made of 
silicates, graphite, and amorphous carbon or hydroge- 
nated amorphous carbon, with varying sizes from 10 
— 30000 A. To date more than 160 molecules (includ- 
ing isotopic) have been identified in the ISM and the 
list grows with the recent identification of Buckmin- 
ster fullerene (C,,) and its ion (C,,*). The list of mol- 
ecules ranges from diatomics to those containing up to 
13 atoms. Relative to hydrogen (H), elements like he- 
lium (He), oxygen (O), carbon (C) and nitrogen (N) are 
found to be most dominant elements in the ISM (Table 
2). Based on the number of atoms of the different mol- 
ecules that are present in the ISM, it is hard to classify a 
molecule as either a simple or complex molecule due to 
the variety of reaction routes followed in the synthesis 
of those molecules in the astrochemical context. Based 
on atomic oxygen, Table 3 summarizes few of the oxy- 
gen containing molecules (< 4 atoms) so far identified in 


Table 2: Interstellar abundance of elements relative 
to hydrogen. (Source: Carbo and Ginebreda, 1985) 


GTi 


Table 3: Summary of simple molecules (<4 atoms), con- 
taining oxygen, so far found in the ISM. Those given in 
blue are identified both in gas and solid phase. Paren- 
thesis indicates identification only in the solid phase 


Please note: O, was not observed in the ISM ei- 
ther in the gas or solid phase, which is due 
to the overlapping silicate band at 10 pm. 
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Figure 2: Timeline on the identification of new mole- 
cules in the interstellar and circumstellar environment. 


different phases, in the ISM mostly in the dense molecular 
clouds, which clearly suggests extensive chemical reaction 
pathways yielding those molecules at different conditions. 


The production of molecules such as O, and N, on the in- 
terstellar dust or grain mantle is restricted due to the abun- 
dance of H atoms. When H atoms are consumed in a re- 
action to form molecular hydrogen during the increase in 
cloud density then the formation of molecules like O, and 
N, are enabled. In regions where H dominates then the pro- 
duction of H dominated species (eg. H,O, NH, and CH,) 
are more likely. Apart from reactions that take place by dif- 
fusion of molecules or atoms that are temperature depen- 
dent, reactions are also enabled by the action of radiation. 
For diffuse clouds starlight can induce chemistry but in 
the case of dense cloud, which is opaque to starlight, mol- 
ecules are formed by the energetic cosmic ray particles only. 


The irradiation of dense clouds by the action of cosmic rays 
leads to the liberation of electrons due to ionization of mo- 
lecular hydrogen (Equation 1). In a diffuse cloud electrons 
can be formed by photo ionisation (Equation 2). Such sec- 
ondary electrons can then in turn induce chemistry in the 
ice. Therefore, those chemically rich vast regions of the 
ISM seed molecules on to solar system objects whilst the 
process of planetary formation happens in the dense clouds. 


(1) 
(2) 


H, + cosmicray > H,*+ e& 
Athv—>A*t+e 


Icy Environments of Solar System Objects: 

Our solar system is so far unique, with a ‘habitable zone’ in 
which life can exist in the presence of liquid water (H,O) and 
adequate sunlight. Both the Earth and Mars are placed in such 
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Callisto 


Figure 3: The satellites of Jupiter (Europa, Ganymede, Callisto) and Saturn (Rhea, Dione). 
Note: Figure not to scale. (Credit and Source: NASA). 


a ‘habitable zone’ hence there remains great interest in deter- 
mining whether life ever existed (or indeed exists) on Mars. 
Recent evidence for the presence of liquid water on the Mar- 
tian surface in the past has raised the probability of life hav 
ing once existed on Mars whilst the identification of bacteria 
(extremophiles) that can survive under extreme conditions 
on Earth (e.g. extreme cold of the polar regions) suggests that 
life may survive in inclement conditions of modern Mars. 


Table 4: Principle constituents of Earth's atmosphere 
(Vazquez and Hanslmeier, 2006) 


Composition by volume (%) 
Nitrogen (N2) 78.08 
Oxygen (Oy) 20.95 


Furthermore, as we explore the solar system other poten- 
tial habitats for life have been revealed, outside the habit- 
able zone! For example the Saturn’s moon, Europa, which 
may support a subsurface ocean, is believed to be a pos- 
sible habitat for life. However, at present we know little 
about the chemical conditions on Europa and other plan- 
etary moons. Mean surface temperatures of planets and 
satellites of giant planets sustain icy surfaces that are 
constantly processed by fast ions, electrons and UV pho- 
tons from magnetospheres, Sun and galactic cosmic rays. 


Therefore, it is necessary to explore such chemistry 
and identify whether it can support the chemical chang- 
es that are necessary for making the building blocks of 
life. The following sections review relevant planetary 
and satellite surfaces containing molecular ices and dis- 
cuss the chemical reactions that may occur within them. 


Muagnetosphere 


Plasma 
bombardment 


Satellite / Rings 
Surfaces / Atmosphere 
Modification 


Ejection 
Neutral clouds 


Figure 4; Energetic ions supply chain for a satellite 
embedded in a planetary magnetosphere. Adapted 
from Johnson 1990. 


lonization 


Planets: 

The molecules present in the atmospheric layers of any 
planet take part in reactions that govern the planet’s sur- 
face temperature. These molecules are composed of the 
most abundant cosmic elements listed in Table 2. The 
atmospheric composition of Earth is listed in Table 4. 
Based on the role played on life’s existence on planet 
Earth ozone (O,) gained the name as a biomarker, and 
it is widely accepted that its identification on other 
planetary object, in exoplanets, might be a sign of life. 


Mars is found to contain molecules that are frozen to 
the surface of the planet where surface temperatures 
of 140 -150 K have been recorded. Several probes and 
rovers have explored Mars in the recent years and so 
it is most explored planet apart from our own Earth. 
At present there are rovers exploring the Martian sur- 
face while Mars Express is in orbit around the planet. 
Ices in Mars are detected in the polar regions of the 
planet. CO, is found to be the main constituent of the 
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Figure 5: Nucleus and out gassing material from Comet Wild 2. 


(Credit: NASA). 


Martian ices. Though O, is observed to be present as 
an atmospheric constituent the detection of this mol- 
ecule in the surface ices is unconfirmed. The presence 
of vast reservoirs of CO, ices are the source of oxygen 
atoms for O, concentrations in the Martian atmosphere. 


Recent reports on the finding of ice on the polar regions 
of the planet Mercury made us wonder on the surviv- 
al of ices closer to a star. The planets Jupiter, Saturn, 
Uranus and Neptune whilst themselves gas giants with 
no surfaces on which ice can form have several satel- 
lites that dominate the ice chemistry in the solar system. 
These satellites are discussed in the next section. Along 
with the rich chemistry that has been taking place in the 
icy rings of Saturn the system can also be used in un- 
derstanding icy planetessimal aggregation. The last of 
the solar system objects Pluto (a planetoid) is observed 
to contain nitrogen (N,) and carbon monoxide (CO) 
ices. However, more insight on the icy composition of 
planets and satellites beyond Uranus are anticipated 
by the arrival of New Horizons spacecraft. One inter- 
esting aspect about Pluto is that, when New Horizons 
was launched in 2006 to explore Pluto, it was in the 
list of planets whereas now Pluto has been regarded a 
planetoid and the spacecraft is yet to arrive at its target. 


Icy Satellites: 

The icy satellites of Jupiter and Saturn have been found 
to have surface temperatures ranging from 50 — 70 K 
depending on the day and night cycle. Cryovolcanism 
on Io and the ejecting plumes from the icy surface of 


Enceladus are some examples showing an active icy surface. 
The possible irradiation environments of the icy satellites 
are Solar wind ions, magnetospheric particles and Galactic 
cosmic ray. The Galilean satellites, Europa, Ganymede and 
Callisto, and the Saturnian satellites, Rhea and Dione (Fig. 
3) are found to contain either molecular O, or O, ice. These 
satellites are sited within the magnetospheres of their respec- 
tive planets and so are constantly bombarded by ions (Fig. 
4) initiating chemical reactions unique to the surface chemi- 
cal composition of the corresponding icy satellite. Satellites 
containing rich O, environment were found to harbour O, 
and such abiotic synthesis of O, in these smaller satellite 
bodies demanded more factors to be included in the use of 
biomarkers for spectroscopic identification of life elsewhere. 


Icy Wanderers: 

Comets are icy bodies (Fig. 5) that sweep through differ- 
ent regions of space. Chemicals frozen on to the surface of 
comets are delivered to Solar System from ISM and vice 
versa. Attention on such icy wanderers will provide us 
a historical map on the chemical constitution of our so- 
lar system since its inception. In fact the icy covered dust 
grains coalesced to form comets and therefore the chemi- 
cal composition of dust grains became part of the comets. 
NASA’s Deep Impact mission revealed an icy comet nu- 
clei and Stardust sample return mission reported several 
complex molecules to be present in comets. Comets in the 
outer solar system will gather the molecules on its cold sur- 
face, which will be processed by the galactic cosmic rays. 
After reaching the inner solar system solar UV photons 
together with the increasing temperature can drastically 
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Figure 6: Some important astrochemistry reactions and interactions of atoms and molecules, Adapted 


from Carbo and Ginebreda (1985), Fraser et al (2002). 


alter the chemical composition of the comets icy surface. 


Chemical Reactions in Space — In the Ice Phase: 

Many chemical reactions (Fig. 6) can occur in the ISM and 
planetary atmospheres both in the gas and ice phase. The re- 
actions that take place in the gas and ice phase are quite dif- 
ferent and one of the very important differentiating factors is 
the life time of the atom or molecule produced in the reaction. 


During impact of energetic particles with molecules in the 
ice phase, the molecule dissociates contributing atoms for 
subsequent chemical reactions. These atoms are produced 
with significant kinetic energies and are therefore no lon- 
ger in equilibrium with the surrounding molecules in the ice 
matrix. These atoms are 
called suprathermal atoms. 
Such atoms will soon 
lose all their energy by 
repeated collision with 


Non equilibrium chemistry 


is typical for space 
— Roessler 


Fe 


other molecules or atoms, which results in the pro- 
duction of new molecules. Therefore non-equilibrium 
chemistry is induced in the ice matrix during irradiation. 
Unlike the gas phase, atoms that are formed in the ice may 
be stored in the ice matrix. These atoms gain mobility or 
enough kinetic energy by thermal energy input, i.e. heat- 
ing, to move through the ice matrix and form new prod- 
ucts. The atoms that diffuse to react by the supply of heat 
energy are called thermal atoms. The reactions that are in- 
duced by the suprathermal and thermal atoms are termed 
as suprathermal and thermal reactions, respectively. These 
are the two important forms of reactions that govern the 
chemistry in the ice phase induced by energetic particles. 


Probing Astrochemistry in the Laboratory: 

In order to understand the chemistry that takes place in 
the ISM and planetary and satellite surfaces it has to be 
probed. Apart from sending rovers and landing probes to 
analyse insitu chemicals it is also possible to simulate the 
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Figure 7; Schematic diagram on the major compo- 
nents of the experimental set-up used to simulate 
chemistry on the icy mantles of dust grain and plan- 
etary/satellite surface analogs. 


interstellar, planetary/satellite environment in the labora- 
tory. At present there are some experimental limitations 
in the laboratory for achieving equivalent pressure condi- 
tions. Pressure in the laboratory simulations is 104 times 
higher than the ISM, which indicates a less clean envi- 
ronment. However the chemistry induced by irradiation 
takes place in the bulk of the ice and this eliminates the 
effect of contamination in the ices. Temperatures down 
to 10 K are easily achieved and therefore molecular ices 
are formed on a substrate. Energetic ions from labora- 
tory irradiation sources are then used to simulate the 
cosmic rays and other irradiation environments (Fig. 7). 
Experiments using ions are carried out in two ways; 
(i) ion implantation, the molecular solid is thicker than 
the penetration depth of the ions used for irradiation, 
where the ion loses all its energy within the bulk of the 
solid and is available for reaction in the case of a re- 
active ion (like H* / D*), (ii) ion irradiation, molecular 
solid is thinner than the penetration depth of the ion 
used, where the ion loses part of the energy to the mo- 
lecular solid before getting stopped at the substrate. 
Non destructive methods, but are not limited to, e.g. 
infrared and mass spectroscopy, are then used to de- 
tect the chemical changes induced either by implanta- 
tion or irradiation. In this way, observations are sup- 
ported by laboratory experiments facilitating better 
understanding of the chemistry and providing data 
for modelling of both the ISM and planetary systems. 


Reactions on Icy Mantles: 

As we have used O, as an example in the earlier section 
it would be suitable to discuss reactions that are unique 
to atoms and molecules in the ice phase towards mak- 
ing O,. Chapman reaction explains the O, formation 
via a two step process where atomic oxygen combines 
to form molecular oxygen (Equation 3) and an addition 
of another oxygen atom to form ozone (Equation 4). 


Volume -3, Issue-4, Oct 2013 
(3) 
(4) 


Oa 0 —> ©), 
0, Oo 


For reactions in the gas phase a third body is required to stabi- 
lise the products by removing the excess energy. Ice itself will 
behave a third body for reactions occurring at such low tem- 
peratures. Moreover by the trapping of atoms and molecules 
reaction pathways which may not be present in the gas phase 
are open to atoms and molecules present in the ice phase. The 
temperature dependent mobility of atoms or molecules in the 
ice phase, before sublimation, contributes to several reac- 
tion pathways and therefore dictates the product formation. 


For example, formation of O, from molecules like N,O and 
NO, are not possible from reactions in the gas phase. How- 
ever, once the molecules are frozen on to the surface (at 10 
K) suprathermal atomic oxygen are produced via breaking 
bonds by irradiation and these atoms trapped in the icy lay- 
ers then react via equations 3 and 4 to form O, in N,O and 
NO, ices, which is indeed quite surprising to make O, in 
NO, environment. By carrying out the same experiment 
at 50 K the amount of O, molecules produced are far less 
than those formed at 10 K and this is due to greater mo- 
bility of oxygen atoms within the ice involving in reactions 
with all other molecules present in the NO, environment. 


One another interesting example for reactions in the ice 
phase is the production of O, from H,O. H,O ice was found 
to contain O, but not O, in irradiation experiments carried 
out after depositing H,O on to a cold surface analogue. In 
fact the highly diffusive H atoms prevent O, formation by 
consuming the atomic oxygen for reaction to form OH. 
By depositing H,O molecules whilst irradiating the ice su- 
prathermal oxygen atoms are trapped beneath the newly 
formed H,0O icy layers hence allowing the oxygen atoms to 
make O, by localised reactions from O, formed in H,O ice. 
Perhaps due to the close proximity of molecules present in 
the ice phase molecules tend to behave as dimers or even 
higher aggregates which lead to different formation path- 
ways. For example, molecular oxygen dimers (O,), identi- 
fied in O, ices can contribute to O, formation via removal 
of an atomic oxygen from the dimer molecule as shown 
in Equation 5. Such a reaction mechanism is validated 
by the spectral identification of [O,...0,] and [O,...O]. 


[oo | 10)-0..0] = [0,...0] (5) 


Need for Laboratory Astrochemistry: 

Cosmo chemical factory synthesising variety of small and 
large molecules in various regions of space are yet least un- 
derstood. More exciting discoveries on the nature of chemi- 
cal composition of Solar System bodies and deep space 
are being reported from new ground and space based ob- 
servations. Therefore it is necessary to prepare ourselves 
with new/adequate experimental facilities incorporating 
novel experiments focused on the understanding of mo- 
lecular synthesis in unconventional extreme environments. 
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ANNOUNCEMENT 


ACS Astrochemistry Subdivision Opens Up 
Affiliate Status for 
Indian Physical/Chemical Society Members 


The recently established Astrochemistry Subdivision 
of the Division of Physical Chemistry of the Ameri- 
can Chemical Society invites members of the Indian 
Scientific (Physical / Chemical) Societies to join the 
ACS Astrochemistry Subdivision as an Affiliate Mem- 
ber. (http://www.chem.hawaii.edu/Bil301/ACSAstro- 
chemistry.html). The Subdivision of Astrochemistry 
provides an interdisciplinary “home” for individuals 
interested in astrochemically related research via ex- 
periments, theory, observations, space missions, and 
mo-deling. Astrochemistry is the study of the abun- 
dances and chemical reactions of atoms, molecules, 
and ions and how they interact with radiation in the 
gas phase and in the condensed phase in Solar Systems 
and in the Interstellar Medium (ISM) leading to the 
formation and breaking of chemical bonds. 


Those interested can complete the division applica- 
tion form and email it to ACS Membership Services 
service@acs.org. On the form, please indicate that you 
would like to join the Astrochemistry Subdivision. 
The application fee is only $ 15. For further details 
and paying the membership fee in equivalent Indian 
rupees, please contact bhala@prl.res.in. 


For further details, please visit: 
http://www.chem.hawaii.edu/Bil301/ACSAstrochem- 
istryjoin.html 
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Planetary Data Processing and Science Data 
Archiving (With an emphasis on ISRO's 
activities) 

Introduction: 

Planetary exploration by satellites started in late 1950s. 
Since then, globally there are many satellite missions or 
space probes flown to various planets, comets and as- 
teroids of our solar system and a wealth of data has 
been collected, processed and analysed/being analysed 
towards planetary mapping and exploration. The final 
interpretation of the data is dependent on the data pro- 
cessing approach, after accounting for appropriate in- 
strument calibration and the documentation of the data 
in a standard format. Earth Observation satellite data 
processing is being carried out as a routine process for 
the past four decades in ISRO. This involves understand- 
ing of mission characteristics, payloads, ancillary infor- 
mation from satellite, simulations, modeling of imaging 
geometry, coordinate systems involved, user needs, con- 
cepts of signal & image processing and the mission ob- 
jectives. In addition to the above listed items, planetary 
data processing further involves understanding of the 
planetary coordinate systems, data archival procedures 
& standards and approaches of data usage by the global 
users towards deriving science from the instrument data. 
The science needs put more emphasis on the calibration 
of the instruments towards deriving the accurate sci- 
ence results. With the launch of the first planetary mis- 
sion to moon viz., Chandrayaan-1, first time the concept 
of planetary data processing is evolved at Indian Space 
Research Organisation (ISRO). The planetary data pro- 
cessing gained further importance in Indian context in 
view of the future planetary missions to be launched 
by ISRO viz., Mars, Chandrayaan-2 and Aditya. 


ISRO has launched its first planetary mission to moon 
viz., Chandrayaan-1 on October 22, 2008. The ba- 
sic objectives of the Chandrayaan-1 mission are photo 
selenological and chemical mapping of the Moon with 
improved spatial and spectral resolution. The payloads 
in this mission are: (i)Terrain Mapping stereo Camera 
(TMC) with 20km swath (400-900nm band) for 3D im- 
aging of lunar surface at a spatial resolution of 5m (ii) 
Hyper Spectral Imager (HySJ) in the 400-920 nm band 
with 64 channels and spatial resolution of 80m (20 km 
swath) for mineralogical mapping (iii)High-energy X- 
ray (30-270 keV) spectrometer having a footprint of 
40km for study of volatile transport on Moon and (iv) 
Laser ranging instrument with vertical resolution of 
5m (v)Miniature imaging radar instrument (Mini-SAR) 
from APL, NASA to look for presence of ice in the po- 
lar region (vi)Near infrared spectrometer (SIR-2) from 
Max Plank Institute, Germany (vii)Moon Mineralogy 
Mapper (M°) from JPL, NASA for mineralogical map- 
ping in the infra-red regions (0.73 micron) (viii) Sub- 
keV Atom Reflecting Analyzer (SARA) from Sweden, 
India and Japan for detection of low energy neutral at- 
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Figure 1: Data flow at ISSDC between various subsystems 


oms emanated from the lunar surface (ix)Radiation Dose 
Monitor (RADOM) from Bulgaria for monitoring ener- 
getic particle flux in the lunar environment and (x)Colli- 
mated low energy (1-10keV) X-ray spectrometer (C1XS) 
with a field of view of 20 km for chemical mapping of the 
lunar surface from RAL, UK. A wealth of data has been 
collected from the above instruments during the mission 
life (Nov. 2008 to Aug. 2009) of Chandrayaan-1 and the 
science data from these instruments is archived at Indian 
Space Science Data Centre (ISSDC). ISRO Science Data 
Archive (ISDA) identified at ISSDC is the primary data 
archive for the payload data of current and future Indian 
space science missions. The data center ISSDC is respon- 
sible for the Ingest, storage, pro cessing, Archive, and 
dissemination of the payload and related ancillary data 
in addition to real-time spacecraft operations support. 
ISSDC is designed to provide high computation power, 
large storage and hosting a variety of applications neces- 
sary to support all the planetary and space science missions 
of ISRO. ISSDC has a multi-layered architecture where 
each and every layer is scalable, resilient and flexible 
enough to accommodate requirements of current & future 
planetary and space science missions where each layer has 
a specific functionality to deliver mission defined goals. 
State-of-the-art architecture of ISSDC provides the facility 
to ingest the raw payload data of all the science payloads of 
the science satellites in automatic manner, process raw data 
and generate payload specific processed outputs, generate 
higher level products, final products and disseminate the 
vital data sets to principal investigators, guest observers, 
Payload Operations Centres (POC) and to general public. 


Ax 


Data Archival Standards: 

In order to make planetary science data useful to those not 
directly involved in its creation, supporting information 
must be made available with the data to allow effective 
use and, interpretation. The exchange of data is increas- 
ingly important in planetary science; thus there is a need 
for establishment and enforcement of standards regarding 
the quality and completeness of data. Electronic communi- 
cation has become more sophisticated, and the use of new 
media (such as CD-ROMs and DVD) for data storage and 
transfer requires additional formatting standards to ensure 
long-term readability and usability. To these ends, the Plan- 
etary Data System (PDS)[1] has developed a data set no- 
menclature consistent across discipline boundaries, as well 
as standards for labeling data files developed by NASA. 


PDS is a Data representation format that would allow long 
term storage, which was developed in order to guarantee 
its usability long after the mission. All PDS-produced 
products are peer-reviewed, well-documented, and eas- 
ily accessible via. a system of online catalogues that are 
organized by planetary disciplines. PDS standards are 
useful for describing and storing data that are designed 
to enable future scientists who are unfamiliar with the 
original experiments to analyze the data. These standards 
(PDS Standards Reference and Planetary Science Data 
Dictionary) address the data structure, description con- 
tents, media design, and a set of terms. For Chandrayaan-1 
and the future ISRO science missions, PDS is the stan- 
dard followed for data products and data archival [2, 3, 4]. 
Flexible Image Transport System (FITS) and Hier- 
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archical Data Format 5 (HDF5) are the other stan- 
dard formats supported in planetary data archiving. 


SPICE [5]: 

Space science is of two kinds viz., (i) Instruments data and 
(ii) ancillary or engineering data. The ancillary data from 
planetary missions is represented in the form of SPICE 
which deals with the observation geometry, time and 
events. SPICE is an ancillary information system that pro- 
vides scientists and engineers the capability to include space 
geometry and event data into mission design, science ob- 
servation planning, and science data analysis software. The 
principle components of the SPICE system are SPICE Tool- 
kit software and SPICE data files—often called "kernels." 


Data Products and Processing Levels: 

The Committee on Data Management, Archiving, and 
Computing (CODMAC) standards [3] are taken as 
reference for levels of processing for planetary data 
products generation. There are other standards ex- 
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ists viz., NASA and ISRO [3]. The ISRO standards for 
processing level definitions for Chandrayaan-1 are: 

» Level-0: Raw payload data along with the ancillary 
information, which includes ephemeris and attitude. 
This level of processing includes data qualification, 
(byte alignment, data decompression, band separated, 
if required) and time tagging. Also the data is given 
along with the calibration information [CODMAC 2] 
Level-1: Calibrated/ corrected and geometrically 
mapped. (For imaging sensor like TMC or HySI, the 
processing includes detector response normalization, 
framing, line/pixel loss correction and tagging the 
selenographic coordinate to each pixel in addition to 
band separation for HySI. Each pixel is given in radi- 
ances and the conversion parameters to count value is 
provided) [CODMAC 3] 

Level-2: Calibration and resampling added over and 
above the level-1 processing [CODMAC 4] 

» Level-3: Derived results [CODMAC 5] 

» Mapping between NASA, ISRO and CODMAC are 

given in [3]. 


¥ 


¥ 


Basic products: 

Products generated with processing levels Level-O and 
level-1 are the basic products for planetary data, where ra- 
diometric and geometric corrections are either taken care 
(especially for optical payloads) or the total information 
related to calibration are provided. For optical payloads, 
radiometric calibration is carried out using the prelaunch 
laboratory calibration coefficients and these will be fine 
tuned with the actual data after launch. Most of the pay- 
loads need in-flight data for post launch calibration on 
some known targets/signatures. For imaging payloads, to 
reference each pixel to the surface of the planet one need to 
construct a precise imaging model. In the image atlas some 
of the images of Chandrayaan-1 are given after Level-1 
processing [6]. The architecture and the data flow at ISSDC 
between various subsystems with respect to the data pro- 
cessing, data archival and dissemination is shown in Fig. 1. 
The Spacecraft Network Layer is the most secure layer and 
contains the Quick Look Display (QLD) server and cli- 
ents. The QLD Server receives UDP data packets from the 
Payload Acquisition software and process them to display 
a quick look through the QLD Clients. The Archive layer 
contains the Data Processing Software and the Dissemina- 
tion server. Data processing software (Level-1) generates 
data products using the Level-O output and archive them 
into the Level-0/1 archive in PDS standard. Interchange 
layer contains the browse application which gives a feature 
to the user to browse the acquired data and place request 
for data using a web browser. A copy of Browse application 
will exist in the Archive layer to facilitate the internal users. 


Higher Level Products: 

Higher level products are the derived data sets generated 
from basic products. For Chandrayaan-1 TMC Digital 
Elevation Models (DEM), orthoimages (fully corrected 
precision products) and Lunar Atlas (image maps) [7, 8, 
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9] are the some of the identified higher level products. 
Similarly science output from the instrument data de- 
rived from Level-1/2 data sets for other instruments are 
also considered as higher level products. The reference 
data sets used in generating higher level products for 
TMC and HySI of Chandrayaan-1 are Clementine Ul- 
traviolet/Visible (UVVIS) mosaic [10] for planimetry 
(horizontal direction) and Lunar Orbiter Laser Altim- 
eter (LOLA) DEM from Lunar Reconnaissance Orbiter 
(LRO) of NASA [11] for elevation (vertical direction). 
As examples, a sample DEM of a part of moon crater 
with color coding is shown in Fig. 2 and Chandrayaan-1 
topo orthoimage map is shown in Fig. 3. Some of the 
higher level products and science findings of other 
payloads of Chandrayaan-1 viz., C1XS, LLRI, M’, 
SARA are given in various references [12, 13, 14, 15]. 


The archive at ISSDC includes raw and reduced 
data, calibration data, auxiliary data, higher-level de- 
rived data products, documentation and _ software. 
The ISDA makes use of the well-proven archive stan- 
dards of the Planetary Data System (PDS) and plan- 
ning to follow International Planetary Data Alliance 
(IPDA) guidelines. This is to comply with the glob- 
al standards for long term preservation of the data to 
maintain the usability and facilitate scientific com- 
munity with the high quality data for their analysis. 


With the experience of Chandrayaan-1 mission, ISRO 
team at SAC has gained PDS skill set to a required level 
of competency; a full pledged PDS life cycle was prac- 
ticed in ISRO during Chandrayaan-1 mission, including 
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conducting Peer Reviews for ISRO/ESA instruments using 
selected international PDS experts. A few PDS workshops 
were conducted for participants drawn from ISRO centres 
during Chandrayaan-1 mission. Two ISRO representatives 
are part of IPDA, a consortium to work on data engineering 
standards and data access protocols for planetary missions 
towards seamless access of data between various archives. 


Archives at ISSDC — Current and Future: 

The science archives received from Chandrayaan-1 Mini- 
SAR and M? are peer reviewed by the host organizations 
and hence no further reviews took place at ISSDC. For 
the other instruments viz., TMC, HySI, SARA, C1XS and 
SIR-2 data archives, peer reviews are carried out at ISS- 
DC. The data for all the acquired passes of TMC and HySI 
along with SARA, Mini-SAR and M? are made available as 
Long Term Archive (LTA) from Apr. 19, 2013 (http://www. 
issdc.gov.in) onwards to the users. Additionally, DEMs 
generated from possible passes of Chandrayaan-1 TMC 
stereo data and sample map sheets of Lunar Atlas are also 
archived and released from ISSDC along with the LTA. 


Mars Orbiter Mission (MOM) is the immediate planetary 
mission towards Mars exploration, which will carry five 
instruments (http://www.isro.org) viz., Mars Color Cam- 
era (MCC) to map various morphological features on Mars 
with varying resolution and scales using the unique ellipti- 
cal orbit, Methane Sensor for Mars (MSM) to measure total 
column of methane in the Martian atmosphere, Thermal In- 
frared Imaging Spectrometer (TIS) to map surface composi- 
tion & mineralogy of Mars, Mars Exospheric Neutral Com- 
position Analyser (MENCA) to study the composition and 
density of the Martian neutral atmosphere and Lyman Alpha 
Photometer (LAP) to investigate the loss process of water 
in Martian atmosphere, towards fulfilling the mission ob- 
jectives. The next planetary mission will be Chandrayaan-2 
which consists of an orbiter having five instruments (http:// 
www.isro.org) viz, (i) Imaging IR Spectrometer (IIRS) for 
mineral mapping, (ii) TMC-2 for topographic mapping, (iii) 
Mini-SAR to detect water ice in the permanently shadowed 
regions on the Lunar poles, up to a depth of a few meters, 
(iv) Large Area Soft X-ray spectrometer (CLASS) & Solar 
X-ray Monitor (XSM) for mapping the major elements pres- 
ent on the lunar surface and (v) Neutral Mass Spectrometer 
(ChACE2) to carry out a detailed study of the lunar exo- 
sphere towards moon exploration; a rover for some specific 
experiments and a Lander for technology experiment and 
demonstration. Mission to Sun for coronagraph studies is 
another planetary mission in near future. New challenges are 
ahead for these instruments with respect to the data process- 
ing. The data is planned to be archived in PDS standards for 
both the missions. The next level of data standard PDS4 is 
developed by NASA with respect to the IPDA guidelines to 
take in to account of modern technology for data archive and 
access processes. This standard is being followed for all the 
NASA funded future missions. Globally there are many mis- 
sions in pipeline for planetary exploration, which is becom- 
ing an international activity. Equally exciting is the prospect 
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of planetary missions sponsored by institutions other than the 
traditional government agencies. There is an exciting future 
and the challenges for the planetary exploration and the relat- 
ed data processing & data archival for finding new avenues. 
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Mini-SAR, an imaging radar onboard ISRO’s Chan- 
drayaan-1 mission, flown on October 2008, was the 
first lunar orbiting mono-static SAR with a principal 
objective to detect water ice in the permanently shad- 
owed regions on lunar poles. Mini-SAR was operated 
at S band with 2.38 GHz frequency with left circular 
polarization (LCP) transmission and reception in linear 
horizontal (H) and vertical (V) polarizations. This book 
documents the techniques and methods that are available 
and developed for the calibration and analysis of SAR 
data. It encompasses all aspects regarding the analysis 
of microwave scattering characteristics over lunar polar 
region by means of different polarimetric parameters 
and decomposition methods necessary for the analysis 
of data for detection of water-ice deposits. Scattering 
mechanisms, their characteristics, analysis method and 
the approach towards the study are well explained. It 
brings out all the necessary details of the studies carried 
out under Chandrayaan-1 Mini-SAR data analysis and 
also the results obtained from the analysis of Mini-SAR 
hybrid polarimetric data on the scattering properties of 
lunar regolith and various morphological features. It also 
discusses on the use of S and L band dual frequency radar 
for water-ice detection in the lunar Polar Regions, which 
becomes the basis of dual frequency radar sensor require- 
ment in Chandrayaan-2. All the topics are well written, 
explained and discussed. This comprehensive book 
will be equally useful to new entrants as well as prac- 
titioners of microwave techniques in planetary science. 


Dr. Shiv Mohan has been a pioneer in initiating lunar 
science studies in India and has conducted large number 
of studies related to surface characterization, water-ice 
detection as well as for the development of dual fre- 
quency water-ice detection algorithm in the polar region. 
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MISSION STORY - MARS 


Mars has been an intrigu- 
ing planet for mankind 
since times immemorial. 
One of the key reasons 
being the similarity of 
ancient Mars with present 
day Earth, thus pointing 
towards the possibility 
of harboring past/pres- 
ent life. After a fantas- 
tic and successful trip of 
Chandrayaan-1 to our 
nearest neighbor, India 
has now set an eye to 
explore its next inter- 
planetary destination, 
the Red Planet, Mars. 


India’s maiden mission to Mars, the Mars Orbiter Mission 
(MOM), is a remote sensing mission which will put a small 
spacecraft in a highly elliptical orbit around Mars. Besides 
being the most technologically challenging mission attempted 
by ISRO so far, MOM is expected to provide significant data 
about the surface and atmosphere of the planet. This data will 
be helpful in establishing some of the earlier observations and 
also in enhancing our present understanding of the red planet. 


Science Objectives: The broad science objectives of the 
mission are as follows: 


» Studying surface morphology, topography and 
mineralogy of Mars 


» Identifying the nature of methane emission (spo- 
radic and/or localized) to spot its probable source 


» Compositional studies of martian atmosphere, par- 
ticularly for H,O and CO, to quantify the loss of 
martian atmosphere and to better understand the 
evolution of Mars. 
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Opportunity Science: Besides these key sci- 
ence objectives, the mission also aims to carry 
out some opportunity science as listed below 


» Observation of Mars moon ‘Phobos’ 


» Identify and re-estimate asteroid orbits seen 
during Martian Transfer Trajectory (MTT) 


» Possible encounter with Comet C/2013 Al 
(Sliding Spring) during late 2014 


Launch and Mission Profile: 

India’s Mars Orbiter Mission (MOM) is scheduled to be 
launched onboard PSLV-XL (C-25) within the launch 
window of Oct. 21 — Nov. 19, 2013, from SDSC-SHAR, 
Sriharikota. The spacecraft is expected to reach Mars in 
Sept. 2014 after travelling 299 days in deep space. After 
launch, the spacecraft will be initially delivered to an 
Earth Parking Orbit (EPO) of 250 km x 23,000 km from 
where it takes GSO Transfer Orbit and inserts itself into a 


_. MCC Payload 
__. MSM Payload 
g-._: TIS Payload 


An artistic impression of two different views of MOM Spacecraft 
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Trans-Martian Trajectory over a period of four weeks. The imaging assembly intended to acquire composition and 

space craft will leave EPO on Nov. 26, 2013, if launched to generate mineralogy map of the martian surface. 

on Oct. 21, 2013. Finally, the 1350 kg spacecraft carrying 

~14.49 kg of scientific payload will be placed in anhighly | Methane Sensor for Mars (MSM): A sensitive Fabry- 

elliptical orbit of ~ 372 km x 80,000 km around Mars. Perot Etalon sensor to measure CH, at several ppb level. 
This instrument aims at detecting methane emissions 

Spacecraft Configuration: from Mars. 

The structure of the MOM spacecraft is sim- 

ilar to Chandrayaan-1 orbiter with its core 

systems and structure being derived from 

Chandrayaan-1 heritage with suitable modi- 

fications necessary for working at Mars. The 

spacecraft consists of a central composite 

cylinder surrounded by a cuboid structure 

made out of composite and metallic honey- 

comb. The dry mass of the spacecraft is 500 

kg including science payload and carries — 

fuel weighing 850 kg. A single deployable 

array of three solar panels each of 1.4 x 1.8 

m in size provide ~750 W of power to the 

spacecraft to accomplish its operations. The 

spacecraft utilizes an attitude control system 

and a bipropellant main propulsion system 

for its operation and all its maneuvers. 


Science Payloads: 
MOM carries five payloads designated for various sci- 


‘sata ates: ; : : Mars Exospheric Neutral Composition Analyzer (MENCA); 
entific investigations which are briefly described below: 


A quadrapole mass spectrometer covering the mass range 
1-300 amu with mass resolution of 1 amu aimed at studying 


Mars Colour Camera (MCC): A multi-element the neutral composition of the martian upper atmosphere 


lens assembly with a detector array of 2K x 2K 
aiming at imaging of the martian surface with a 


While all communication operations related to missio 
GIFOV of ~25m and a frame size of ~50kmx50km 


will be accomplished by India’s Deep Space Network 
support of NASA’s global Deep Space Network will be 


Lyman Alpha Photometer (LAP): An objective lens and taken during critical events like Mars Orbit Insertion 


a UV detector with gas filled pure molecular hydrogen 


and deuterium cells with tungsten filaments located in A fer going through all critical tests the spacecraft will be 


between. LAP is used for estimation of D/H ratio based finally shipped to SDSC-SHAR, Sriharikota on Sep. 27 
on absorption spectra of Lyman-a lines of D and H. 993 for its final integration with the launch vehicle whilg 
the entire nation await on its toes for the auspicious and 


Thermal Infrared imaging Spectrometer (TIS): A 120 grand launch of its maiden mission to the red planet, MARS 


x 160 element bolometer array with foreoptics and 


Mars Colour.C. 


ars Orbiter Mission — Science Payloads 


Source: 1) Goswami,J.N.,and Radhakrishnan, K., LPSC-2013; 2) Lele, A., Springer Briefs in App.Sci.Tech.,Ch-5,2014;3) Articleatwww. 
spaceflight101.com/mars-orbiter-mission.html and various articles published in electronics and print media during Sept. 2013 
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MISSION UPDATES 


All set for India’s first Mission to Mars 

India will launch its first mission to the red planet, the 
Mars Orbiter Mission (MOM), on Oct. 28, 2013 from 
SDSC-SHAR, Sriharikota. The spacecraft is currently 
undergoing its final tests and will be integrated to its 
launch vehicle, PSLV-C25, for the scheduled launch. 


Another two successful launches for ISRO 

ISRO’s First satellite of Indian Regional Naviga- 
tion Satellite System constellation (IRNSS-1A), has 
been successfully placed in orbit by PSLV-C22 on 
Jul. 1, 2013. On Jul, 26, 2013, the most advanced 
weather satellite of India, INSAT-3D has been success- 
fully placed in Geo-synchronous orbit by Ariane-5. 


Two distant spacecrafts image Earth on the same 
day 

NASA’s spacecrafts, Saturn probe Cassini and MES- 
SENGER orbiting Mercury have snapped rare images of 
Earth, independently on Jul. 19, 2013. Wide-angle camera 
onboard Cassini has acquired a colour image of Earth and 
its moon along with Saturn rings in a single frame. On the 
other hand MESSENGER has imaged Earth and its moon 
in black and white. While Cassini image of Earth was 
captured from a distance of 1.5 billion km, MESSENGER 
image was taken from a distance of 98 million km away. 


First scoop of soil analysed by Curiosity finds 
water but SAM disappoints on Methane 

Analysis of scooped soil sample from the Rocknest site by 
MSL rover, Curiosity, has revealed presence of ~2% of wa- 
ter along with significant amounts of carbon dioxide, oxy- 
gen and sulphur compounds. On the other hand, extensive 
analysis using a tunable laser spectrometer (TLS) of Sam- 
ple Analysis at Mars (SAM) instrument found no presence 
of methane in Martian environment which was a surprise 
with respect to the data reported previously. These analyses 
were carried out by SAM, a suite of three instruments: 
a gas chromotograph, a mass spectrometer and a TLS. 


Curiosity witnesses Solar Eclipse at Mars 

A telephoto-lens camera of Curiosity rover has acquired 
pictures of Solar Eclipse on Mars that occurred due to pas- 
sage of one of the Martian moons, Phobos, in front of the 
sun. The eclipse was seen as an annular one from the mar- 
tian surface as Phobos does not completely cover the sun. 


Comet Hunter-Deep Impact Mission ends 

The long-lasting and most travelled comet hunter mis- 
sion, Deep Impact, comes to an end after all efforts to 
establish contact with the spacecraft failed since its 
last communication on Aug. 8, 2013. Launched in Jan. 
2005, Deep Impact has spent nearly 9 years travelling 
a distance of about 7.58 billion kilometres in space and 
returned ~500,000 images of various celestial objects. 
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Four sites under assessment for InSight landing 

NASA is assessing four potential sites in Elysium Planitia 
region of Mars for Interior Exploration Using Seismic 
Investigations, Geodesy and Heat Transport (InSight) 
lander scheduled for launch in March 2016. Each site is an 
ellipse of 130 km (E-W) and 27 km (N-S). These four sites 
were shortlisted from a list of 22 probable sites. Further 
assessment of these four sites will be done by using MRO 
cameras to select the final landing destination of InSight. 


Efforts to restore full working mode of Kepler 
spacecraft unsuccessful 

Attempts of Kepler mission’s analysis and testing 
team to restore the spacecraft to its full working mode 
ends after the recent pointing test was unsuccess- 
ful. This condition occurred due to the failure of two 
of four gyroscope-like reaction wheels of the space- 
craft. Kepler team is now looking at the new science 
research that can be done in its current condition. 


LADEE on its way to Moon 

NASA’s Lunar Atmosphere and Dust Environment Explorer 
(LADEE) was launched successfully on Sept. 6, 2013 on- 
board a Minotaur V vehicle from Wallop’s Flight Facility. 
The 383 kg spacecraft with a payload of 49.6 kg is expected 
to provide in-depth information about the lunar atmosphere, 
near-surface conditions and environmental influences on 
lunar dust. The instrument checkout of the spacecraft is 
completed and it is currently on its way to the Moon and 
expected to achieve a science orbit as close as 20-60 km. 


MRO swaps its Motion-Sensing Units 

Mars Reconnaissance Orbiter (MRO) switches to its 
Inertial Measurement Unit 2(IMU-2) from IMU-1 for 
obtaining information about its orientation. This was 
done as a safety measure since one of the gyroscope’s 
of IMU-1 is nearing its end of life. Each IMU has 
three gyroscopes and three accelerometers for pre- 
cise determination of spacecraft attitude and pointing. 


MAVEN undergoing final tests before launch 

NASA’s Mars Atmosphere and Volatile EvolutioN 
(MAVEN) mission, aimed at providing clues about Mars 
climate history, is currently undergoing its final tests 
at Kennedy Space Centre, Fla. MAVEN is expected to 
be launched on Nov. 18, 2013, onboard Atlas V launch 
vehicle from Cape Canaveral Air Force Station, Fla. 


Voyager | sets historic milestone 

Voyager 1, a 36 years old probe, becomes the first man- 
made object to endeavor into the inter-stellar space. 
Voyager 1 reached its present destination after travelling 
through plasma present in the space between stars for 
the past one year. Voyager has travelled nearly 19 billion 
kilometres before entering into the inter-stellar space. 
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WORKSHOP ON MARS ORBITER MISSION 


On Jul. 26-27, 2013, Mars science practitioners, experts, academicians, students, engineers, and respec- 
tive principal investigators (PIs) of payloads onboard ISRO's forthcoming Mars Orbiter Mission (MOM) 
congregated for dissemination of scientific thoughts and discussion on future aspects that are essential 
for building a prolific team for conducting scientific research using data generated from Mars mission. Af- 
ter a series of in-depth discussions on the criticalities involved in getting into the orbit of Mars, ISRO has 
set a window of Oct. 21 - Nov. 19, 2013 for the satellite to leave for Mars. Recognizing this as an essen- 
tial need, Prof. S.V.S. Murty (Co-ordinator PLANEX), along with the support of Dr. S. Seetha (PD, SSPO), 
took initiative to conduct this two days workshop at PLANEX, Physical Research Laboratory, Ahmedabad. 


A large number of interests were re- 

ceived from across the country for at- 

tending this workshop; however, con- 

sidering the objectives of workshop, 

the participants were restricted to 80. 

Around seven scientific proposals were 

received and scheduled for presentation 

as new/emerging ideas for analyzing 

the datasets that are going to be gen- 

erated from this forthcoming mission. 

Technical presentations were scheduled 

along with science objectives and plans 

(software/modeling tools development 

readiness/in progress, and some science 

goals) (each of 20 mts.) during the pro- 

ceeding sessions of the workshop. Two pe Ss : 

individual sessions on presentation of ongoing Mars science research in fom of talks/posters were scheduled 
for highlighting on the scientific areas that are being studied at present and discussing on the areas where the 
ongoing research has to improve. Of all the payload teams, a technical session on handling, processing and 
dissemination of the data generated from their respective payloads was scheduled. The session that concluded 
this workshop focused on discussing the future plans and directions and essentially for realization of the brief 
ideas that gained major consideration during the workshop. A meeting of payload PIs, with PD, SSPO and 
Co-ordinator PLANEX for consolidation of the plans and discussions were carried out during the workshop. 


The workshop started with the welcome address by Prof. S.V.S. Murty. His vision was clear while he pointed 
on expanding the Mars science community in the country by bringing the ongoing planetary researchers, en- 
gineers, experts, and young students together. He also discussed on basics that are the prime need for bring- 
ing into being the emerging and thoughtful ideas. Director, PRL, in his opening remarks extended the support 
= — to participants while mentioning upon 

the need for such meetings as it builds a 

platform where productive discussions 

could be easily carried out. He insist- 

ed to meet at least 3 times and make a 

good use of this coming one year before 

we get actual satellite data in our hand. 


Introductory remarks by Dr. S. Seetha 
on the planning of mission and fram- 
ing of science objectives to be achieved 
marked the proceeding of the workshop 
sessions. The stress was mainly put on 
achieving maximum possible science 
from the onboard payloads and she had 
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insisted on increasing future collaborations with 
ISRO centers and various academic institutes/ 
universities of our country. The mission plan- 
ning of India’s Mars Orbiter Mission was pre- 
sented by Dr. Anil Bhardwaj, SPL. He discussed 
on some of the key issues that are vital for a suc- 
cessful launch and long run of the instruments. 
Prof. S.V.S. Murty discussed on the MOM sci- 
ence objectives, which was primarily to give 
detailed descriptions about the missions to Mars 
and their explored and unexplored scientific re- 
sults. He highlighted on the special opportunity 
for MOM: Comet named C/2013 Al (Siding 
Spring) may be passing Mars during late 2014 
_. at the time when our satellite would be in orbit. 


The following session on payload and science plans had technical and scientific presentations by the mem- 
bers from respective payload teams (mainly the PIs). In brief, major emphasis was given to address on the 
specific details of the payload, status of software/modeling of tools for handling of data, and on some future 
science prospects on which collabo- 1 

rations could be initiated. Out of the 

five posters that were selected, three 

posters focused on remote sensing 

observation s of Mars and the other 

two posters demonstrated the pos- 

sible terrestrial analog studies. In 

order to promote for our own data 

archival standard i.e., ISRO Science 

Data Archive (ISDA), presentations | 

were made on criticalities involved | 

in access and handling of data sets 

generated from this mission. It was 

mentioned that the Mars mission data 

archival will be similar to that of the 

Chandrayaan-1 and will be released 

to public only after peer review of the data. Contributed presentations on Mars research were made on dif- 
ferent scientific themes that primarily dealt with its surface morphological aspects, mineralogy, compo- 
sition, solar wind interaction with Mars surface, and on establishing Mars analogues sites on Earth. In 
that initiative to organize the researchers already working on Mars data to come with scientific objec- 
tives, seven proposals from PRL, IIRS, NPL, IPR, IITs, Pondicherry University and Periyar Universi- 
ty were presented in front of the respective PIs for MOM data analysis and possible future collaborations. 


Inthe concluding sessions, Dr. S. Seetha, PD, 
SSPO asked the PIs about their opinion on 
data sharing and collaborations. Each of the 

~ PIs had given their opinions and demanded 

~ that further discussions have to be carried 
out for a clear picture about the data shar- 
ing policies. Regarding the collaborations, 
each of the PIs showed some active interests 
in this direction and agreed to share the data 
at least among themselves. However, the de- 
mand for minimum lock-in period was around 
“18 months for public release of datasets. 
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» PLANEX is going to organize the Fourteenth Workshop on “Instrumentation for Planetary Exploration” dur- 
ing Jan. 6-10, 2014 at D.D. University, Nadiad, Gujarat. Interested students/scholars may apply before Oct. 10, 
2013. 

For more details visit:-www.prl.res.in 


18" International Conference on “Gravitational Microlensing" will be organized during Jan. 20-24, 2014 at 
Santa Barbara, California. Last date for submission of abstracts is Dec. 1, 2013. 
For more details visit:- http://Icogt.net/microlensing18 


"The International IEEE Aerospace Conference" will be organized during Mar. 1-8, 2014 at Yellowstone Con- 
ference Center in Big Sky, Montana. Last date for submission of abstracts is Oct. 25, 2013. 
For more details visit:- http://www.aeroconf.org/ 


"AGU Fall Meeting" will be organized during Dec. 9-13, 2013 at San Francisco, California. Last date for sub- 
mission of abstracts is Oct. 14, 2013. 
For more details visit:- http://fallmeeting.agu.org/2013/ 


"Fudan Winter School on Astrophysical Black Holes" will be organized during Feb. 10-15, 2014 at Fudan 
University, Shanghai, China. Last date for application is Oct. 15, 2013. 
For more details visit:- http://bambi2014.fudan.edu.cn/school2014/Home.html 


"The workshop on Vesta in the Light of Dawn" will be organized during Feb. 3-5, 2014 at Lunar and Planetary 
Institute, Houston. Last date for submission of abstracts is Nov. 14, 2013. 
For more details visit:- http://www.hou.usra.edu/meetings/vesta2014/ 


Conference on "The Search for Life Beyond the Solar System" will be organized during Mar. 16-21, 2014 at 


Tuscon, Arizona. Last date for submission of abstracts is Nov. 15, 2013. 
For more details visit:-http://www.ebi2014.org/ 


Application for "2014 Sagan Postdoctoral Fellowship" related to the science goals of the NASA Exoplanet Ex- 
ploration program is announced. Interested candidates may apply before Nov. 7, 2013. 
For more details visit:- http://nexsci.caltech.edu/sagan/fellowship.shtml 


The "Deutscher Akademischer Austauschdienst (DAAD) New Delhi" scholarship for 2-3 months internship at 
institutions of higher education and research institutes in Germany is available now. Last date for application is 
Nov. 1, 2013. 

For more details visit:- http://www.daaddelhi.org/en/14498/index.html 


"18th National Space Science Symposium" will be organized during Jan. 29 - Feb. 1, 2014 at Dibrugarh Univer- 
sity, Dibrugarh. Last date for submission of abstracts is Oct. 15, 2013. 
For more details visit:- http://www.nsss2014.org/ 


“Second International Conference on Radiation and Dosimetry” will be organized during May. 27-30, 2014 at 
University of Serbia, Serbia. Last date for submission of abstracts is Nov. 15, 2013. 
For more details visit:- http://www.rad2014.elfak.rs/welcome.php 


“Fifth International Workshop on Mars Atmosphere: Modeling and Observations” will be organized during 
Jan. 13-16, 2014 at Oxford, UK. Last date for submission of abstracts is Oct. 31, 2013. 
For more details visit:- http://www-mars.lmd.jussieu.fr/oxford2014/ 


“Science with the Hubble Space Telescope IV: Looking to the Future” will be organized during Mar. 17-20, 
2014 at Accademia dei Lincei, Rome. Last date for submission of abstracts is Oct. 15, 2013. 
For more details visit:- http://www.stsci.edu/institute/conference/hst4 
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Workshop on Mars Orbiter. Mission 
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“T am a PhD student working on mineralogical and geological analyses of Vesta using Dawn Framing Cam- 
era multispectral data. My journey of research works start as JRF from Bundelkhand University, Jhansi (about 
8 months) in morpho-structural geology/neotectonics, and then I got the opportunity to work in lunar morphol- 
ogy/mineralogy using Chandrayaan-I data in SAC/ISRO, Ahmedabad (2 years). My huge interests in plan- 
etary science insist me to pursue PhD so that I can learn and develop myself a dedicated planetary researcher. 


PLANEX workshops and seminars inspire and encourage a lot for my research works even though I was not di- 
rectly involved with PRL/PLANEX. Among the PLANEX programs I attended, ‘11th PLANEX workshop: Ex- 
ploration of Mars and Moon’, and ‘7th Chandrayaan-I Meeting and Celebration of 10 years of PLANEX Pro- 
gram’ were quite notable, giving the opportunities to interact with many experts/scientists from all over the 
world in many diverse fields related to planetary sciences and explorations. Such interactions and programs ig- 
nite our young minds to think and pursue scientific research, a research of novelty with hard work and con- 
fidence. Many a time I am also benefitted with the facilities provided in PRL/PLANEX, particularly the li- 
brary facilities and their innovative research works/publications. As a PhD student in planetary science, I think, 
young Indian planetary science researchers/admirers should be very thankful to PLANEX/PRL for their mo- 
tivations and efforts in improving Indian planetary research works in a well-recognized international arena. 


I wish many more students throughout India, who are very interested to pursue planetary research as their career, to 
be benefitted through PLANEX/PRL. 


Guneshwar Thangjam 
PhD student 
Max-Planck Institute for Solar System Research 
Katlenburg-Lindau, 37191, Germany 
E-Mail: thangjam@mps.mpg.de 
Contact: +49-5556-979-323 
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Stonehenge - An Enigmatic Monument 


Stonehenge is an enigmatic an- 
tediluvian megalithic monument 
situated on a chalky plain in Wilt- 
shire, about 13 km north of Salis- 
bury, England. Its uniqueness lies 
in the sheer size of its megaliths 
(the largest weighing over 40 
tons), the sophistication of its 
concentric plan, the height (upto 9 
meters tall) and the overall archi- 
tectural design. It was construct- 
ed in quite a few distinct phases 
from 3100 to 1100 BC. Neolithic 
agrarians built the first phase in 
2400 B.C. The format of Stone- 
henge we see today is Stonehenge 


III, which appears as a remem- Stonehenge, Wiltshir e, UK 


brance to the earlier Stonehenges. 


The Rev. Edward Duke associated astronomy with Stonehenge and described it as a planetarium full of major astro- 
nomical alignments for the first time during 1840's. Sir Norman Lockyer later realized the reasons for the orientation 
of Stonehenge in 1906, but with many errors and incorrect assumptions that made archaeologists suspicious of the 
possibility of astronomical alignments. Finally, in the second half of the 20th Century, Gerald Hawkins, an American 
astronomer, published the results of his intense study of Stonehenge's astronomical significance and alignments in Na- 
ture in 1963. He described how he had used a computer to prove that alignments between Stonehenge and 12 major 
solar and lunar events were extremely unlikely to have been a coincidence. Later, he wrote a book in 1966, 'Stone- 
henge Decoded’, wherein he described how he had found the important astronomical alignments within the Stonehenge. 


Stonehenge has a huge exterior ring made of interconnected standing sarsen stones and an inner, horseshoe-shaped 
arrangement of five lintel-capped pairs of sarsen stones called "trilithons". At the midwinter solstice, the setting sun 
sinks between the two uprights of the largest trilithon. The bluestone horseshoe was also used to follow the nodal 
cycle of the Moon and was perhaps used to predict eclipses. It also has two bluestone rings, an avenue that leads to 
and away from the exterior circle, and an Altar Stone that lies in the centre of Stonehenge. The complete arrangement 
opens up to the northeast along the direction of which lies the Heel stone. The direction of the summer solstice or the 
direction of sunrise on the longest day of the year is the same as the direction from the middle of Stonehenge, along 
the Avenue to the Heel Stone. This causes the image of sun to rise behind the Heel Stone and the sun's first rays shine 
into the centre of the monument between the horseshoe-shaped arrangements. There are Station Stones (SS), 91, 92, 
93 and 94, situated at right angle to each other and aligned in such a manner that an observer looking from one SS 
over another SS can see different astronomical events in different directions. Thus, the overall structure bears signifi- 
cant resemblance to planetarium full of astronomical alignments and it is evenly clear that Stonehenge had been an 
example of Stone Age brilliance. Undoubtedly, it had added first-cut relevance to the importance of astronomy and 
planetary events among the ancient culture, which is practiced in the modern age with improved tools and techniques. 


Image Source: http://heritagentourist.blogspot.in/ 
Text Sources: www.windows2universe.org, http://www.tivas.org.uk, http://astro.wsu.edu 
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